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FOREWORD 


Under a lease approved by the President of the United States 
in May, 1972, Paraho undertook, in cooperation with the 
federal government, to demonstrate the engineering, economic 
and environmental feasibility and desirability of the Paraho 
processes and hardware for retorting oil shale. This Final 
ReportusoOpartieipants of the Paraho Oil Shale Demonstration 
is a six-volume document that describes the research and 
development operations, the engineering design and cost 
estimating, and the commercial evaluation studies carried 
out from late-1973 to mid-1976. 


THIS VOLUME 5-A IS CONSIDERED CONFIDENTIAL UNDER THE 
TERMS OF THE PARTICIPANTS AGREEMENTS WITH PARAHO 
CORPORATION AND DEVELOPMENT ENGINEERING, INC. MORE- 
OVER, BECAUSE OF THE COMMITMENT TO THE GOVERNMENT NOT TO 
PUBLISH INFORMATION PREMATURELY, DISTRIBUTION SHOULD 

BE STRICTLY CONTROLLED ON A NEED-TO-KNOW BASIS UNTIL 
AFTER THIS MATERIAL HAS BEEN PUBLISHED BY THE GOVERNMENT 
OR PARAHO. 





The field operations were conducted at the Anvil Points Oil 

Shale Research Facilities located on the Naval Oil Shale Re- 
serves near Rifle, Colorado. Administration of these leased 
facilities was transferred from the Bureau of Mines (BOM) to 
the Energy Research and Development Administration (ERDA) 


when the latter agency was formed in 1974. 


The Paraho Oil Shale Demonstration was privately sponsored 
by the following seventeen participants at a total cost of 


S9x4 madlione 


Sohio Petroleum Company 

Southern California Edison Company 
The Cleveland-Cliffs Iron Company 
Cult Ol eCorporation 
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Arthur G. McKee and Company 
Kerr-McGee Corporation 

Shell Development Corporation 
Standard Oil Company (Indiana) 

The Carter Oil Company (Exxon) 

Mobil Research and Development Corporation 
Webb-Gary-Chambers-McLoraine (Group) 
Sun Oil Company 

Texacoypincs 

Phillips Petroleum Company 

Atlantic Richfield Company 

Marathon Oil Company 


Chevron Research Company 


These participants received the right to license Paraho's 
oil shale technology on favorable terms for their support 


and cooperation which are gratefully acknowledged. 


The results of Paraho's operations at Anvil Points are 
encouraging. They demonstrate that the process works, that 
the equipment is operable and durable, that thermal efficien- 
cies and yields are high, and that the entire system developed 
is environmentally acceptable. The extended periods of 

Paraho retort operations and the results obtained demonstrate 
this. The evidence includes the 77-day Pilot Plant run and 
the 56-day Semi-Works run, both of which were terminated 


voluntarily. 


After the 56-day retort run, 10,000 barrels of Paraho crude 
shale oil were shipped to the nearby Gary Western Refinery 
and converted into military products. This federally funded 
work was done for the U.S. Navy's Energy and Natural Resources 
Research and Development Office. That Office coordinated 

the refining and the nationwide, refined product testing 


program and publishing a report entitled: 
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Production and Refining of 10,000 Bbl. Paraho Crude 


shale Oil Into Military Fuels, U.S.) Navy Contract 
#NO0014-75-C-0055 





A retorted shale management research project jointly funded 
by the Bureau of Mines and Paraho will be completed in late- 
1976 at an estimated additional cost of $0.5 million. At 
that time, a report entitled, "Retorted Shale Management", 


will be issued as the concluding volume of this report. 
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SECTION l 
EXECUTIVE SUMMARY 


The objective of this report is to provide information to 
the management of the participating companies regarding the 


commercial feasibility of an oil shale venture. 


Numerous alternates have been studied. All are energy self- 
sufficient. Two are summarized here. One produces pipe- 
lineable crude shale oil. The other upgrades the crude 
shale oil to a high quality syncrude. In all cases, the 
total oil shale retorted and the gross crude shale oil 
produced remain constant at 157,400 tons per stream day and 
100,000 barrels per stream day, respectively. The amount of 
net products vary according to the methods of processing and 
upgrading and the internal fuel requirements. All costs 
necessary to provide a proper plant site, a complete mine 
and plant, and onsite and offsite plant facilities have been 


included. The results are summarized as follows: 


Crude Shale Oil Syncrude Oil 
Case Case 
Feed 
Oil Shale TPSD 157,400 157,400 
Water - Acre ft./yr. 5,740 87 3L0 
Net Products 
Crude Shale Oil BPSD 99,170 -- 
Syncrude BPSD caine 88,542 
Sulfur TPSD 85 191 
Ammonia TPSD 43 bias 
Excess Power Generated MW aie -= 
Economics (1976 Dollars) 
Tnvestment - ‘S$ Billions a? IRONS 
Operating Cost = S*Maliaons/xyr: IGS 190 
O1lPrice’ (100% Equity Basis).: (1) (1) 
15% Return on Investment $/Bbl. 12.50 Lowe 


(1) These prices should not be directly compared to crude 
OL lL prices Seerrg., wie 2) 
























oF agissmrxotat ebivoy i 408 ab frogs Sayings 

et pribyspert eoeinsqmos pnitagtots 16q add mali a 

,etutnev oisda iio ms to vais fidtane 
) if a) 


-tiese yprene o1s ILA  .beibuge nesd eved eoxants 


ak 
t 
is ® Ary oe 


Se 


‘i 


a omg 
“ may 


-eqiq egoubotq end . sted bes tasamps S16 owt " 
ebyuzy edd esbsiupas tedse adit .f£i0 elsre bur He 
edi ,eerso Ils al ..ebutomye ytilsop yr dpi, s of 
lio olada oburp séotp ads bas bedtoetes atacand 
req anot OO Vel 3s Janzenoo atemes Bet 


_—_ 


. 
a ve © dn cab. idee ¢ “~ wet omeenwds +a 
> Sovu SciT Py ¥ + SV Ai odes 4 5 te 8) rt | + Bae 4~ {od ti ae Ny begins 


. 7 . . A oil " ow — “ u . 
bis pioitaresvorq to ehonzem ene OF PAA StoDDs 


ateoo LIA atnemesriopa: leot Lamredas edt baa yes 


7 _ 7 
m stoelamoo 6 ,etke tasiq tsgo1q 6 ebivorg oF Yaate 


th ila 2 : 
raed evan egelisilios2? taste saietio bas stlienmo bre Ret: cus 
Ss of, & ; ne ; 
é ‘> nl én v ¥ 
, ~ = Pian & ” owe es fo on iY eitl “hol ute 
Ji, LMP J ‘6 Dea Lm Lie OIA as iveuwsl * 
by | 
> ’ 
[tO ebuexonvea If alsn iba xD 
‘ie k A = i 
r b ' 
os ae Pos f ip , aeaagt ats | ; 
WwVe ..* - »* vw 4 twa E ; 7 
) Off .e O‘T 2 \' i ay\.23 etad = sam 
. F : ii \ f ’ May ct a 
. 
, 'o bm Hc 
er 7 La UE 
on r 
Sac, 88 > bes 
1 a9 
i ® nf : Nn 
i —~ ee ~ } 
| ee on 
a) 
i fe 


oel 92 f ie aver noniten & res ae 
| | : (alesd cin | 


. 


ebyxo od besa vigee ith od 90a 


aie a 
a 
Xp e 

ey 


AF 


ErahB 


This preliminary Commercial Evaluation Study indicates the 


following: 


O A crude shale oil price of $11.50 per barrel is needed 
to yield a 15% return on investment. The prices of 
crude shale oil and conventional crude oil cannot be 
properly compared without examining the possible added 
refinery investment and operating costs related to the 
processing of crude shale oil. To refine imported 
Saudi Light or African Sweet crudes (which in July, 
1976 delivered to the U. S. Gulf Coast at $13 to $14 
per barrel) requires lower refining investment than 


crude shale oil. 


O A syncrude price of $17.50 per barrel is needed to 
yield a 15% return on investment. Syncrude is a high 
quality "bottomless" material that should carry a 
premium value over imported crudes. This is because of 
the higher proportion of high priced products available 
from syncrude, the additional advantage syncrude offers 
refiners having "bottom of the barrel" limitations, and 
the possibility that syncrude might be marketable 


directly as a wide-range distillate fuel. 


O Shale oil and imported crude oil are exempt from domestic 
price control. However, until a free market in domestic 
oil is reestablished, the true penalty and premium 
values of crude shale oil and syncrude will not be 
known. This information is essential before pioneer 
plant commitments can be made. A pioneer plant yield 
of less than 15% rate of return on investment is inade- 
quate to justify building a commercial plant with the 


uncertainties described below. 
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Tt the worlo price oD crudemto Mesva lates Taster than 

the investment required to build shale plants, or if, 

in the best interest of the United States, our dependence 
on “imported crude should ‘be: limited) by ‘restricting 
imports, crude ‘shale Oil and syncrude could command the 


prices required to become a viable energy supply. 


A commercial oil shale installation will consist of 

very large and complex units of mining, retorting, and 
upgrading — all close coupled and interdependent. A 
high operational risk is involved since each operating 
unit must have a high "on-stream" factor to maintain 

the desired production levels. Failure to achieve this 
reliability would have a major impact on project economics. 
In addition, such investments are vulnerable to techno- 
logical, political, commercial, and environmental risks 
that must be resolved. Consequently, as a first and an 
important step, the program that has been proposed by 
Paraho should be implemented to demonstrate this technol- 
ogy, at full-scale, in a module of the size and design 
anticipated for commercial plants. Such a demonstration 


will provide a sound basis for: 


O Establishing reliability and "on-stream" 
factor. 
O Predicting capital and operating costs for 


commercial units more accurately. 


O Evaluating environmental impact, such as 
retorted shale disposal and ambient air 
quality. Since much of the undeveloped oil 
shale country,’ in its natural state, is 
believed to be in violation of the Clean Air 
Act standards, some changes in these will be 


needed. 
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O Determining minimum water requirements - an 


important aspect of oil shale development. 


Such a module will represent a large research investment 
with no immediate return. Therefore, to maintain the 
momentum established by Paraho, encouragement of this 


step by joint government industry cooperation is essential. 


2. INTRODUCTION 
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SECTION 2 
INTRODUCTION AND OBJECTIVE 


This commercial evaluation for an oil shale venture based on 
Paraho retorts is contained in two volumes. This volume, 5- 
A is a summary. Volume 5-B, which is Proprietary and Secret, 


contains the details. 


Economic analysis of various aspects of the Paraho retorting 
process has been a continuing effort throughout the project. 
A preliminary commercial economical analysis was presented 
in May, 1975, in the "Prospectus for a Paraho Full-Size 


Module" brochure. 


The objective of this report is to provide information to 
the participating companies regarding the commercial feasi- 
bility of an oil shale venture. The objectives, specifica- 
tions, and contents of this report were developed by joint 
discussions between the Technical Advisory Committee of 
participants, The Cleveland-Cliffs Iron Company, Arthur G. 


McKee & Company, Sohio Petroleum Company, and Paraho. 
This commercial feasibility study includes facilities for: 


O Mining, crushing, screening, materials handling, and 


retorted shale disposal. 


fe) Direct and indirect heated retorting (Combination 


heating is not included due to insufficient data). 


O Upgrading of shale oil toa pipelineable product. 
O Upgrading of gases to an environmentally acceptable 
quality. 
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) Utilities and offsites. 
oO Waste treatment. 


This report provides facilities planning and an order-of- 
magnitude estimate of +253 accuracy. Economics are worked 
out using a standard discounted cash flow method on 100% 


equity basis. 


In order to make this report more realistic and representa- 
tive, it was felt necessary to select a specific site rather 
than a hypothetical location. The site selection on U.S. 
Naval Oil Shale Reserve No. 1 is considered to be typical 
for an oil shale venture, and oil shale for the Paraho Oil 
Shale Demonstration was extracted from the same area. 
However, this does not represent an endorsement by the 


Department of Navy or any other government agency. 
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SECTION 3 
KEY RESULTS 


A total of five cases have been studied. In all cases the 
total oil shale to be retorted remains constant - 157,421 
tons per stream day, as does the crude shale oil produced at 
the retort outlet - 100,000 barrels per stream day. The 
amount of products produced vary according to the processing 
plan used in each case. While some changes could occur in 
the retorted shale management area, for the purposes of this 
study, all cases are assumed to require the same capital and 
operating costs for mining, material handling, and retorted 
shale management. The necessary work and related costs to 
provide a proper site, infrastructure, and onsite and offsite 
facilities have been included for all cases. Both capital 
and operating costs have been varied as changes are made in 


the retorting and upgrading facilities. 
3.1 DESCRIPTION OF CASES 


In all cases oil shale is mined and retorted to produce a 


crude shale oil. 
Smee Base Case 


Coking of crude shale oil with hydrotreating of coker liquid 
products is used. The major liquid product is a low nitrogen, 


low sulfur, low pour point syncrude. 


Twelve Direct Heated and twelve Indirect Heated Paraho re- 
torts were selected to provide an essentially balanced 
energy system. Hydrogenation of the individual naphtha, 
light gas oil and heavy gas oil liquid products produces a 
syncrude product. The coke produced in the refining step is 


burned in a power plant (built and operated by others). 
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oe 12 Alternate 1 


Direct hydrogenation of crude shale oil is used. Again, the 
major liquid produced is a low nitrogen, low sulfur, low 


pour point syncrude. 


This case requires 18 Direct Heated and 6 Indirect Heated 
Paraho retorts to balance the fuel production and require- 


ments. 
BreaiG Alternate) 2 


No upgrading of crude shale oil is carried out. Three 


retorting schemes are considered. 
2A  Paraho Direct Heated retorts only 
2B Paraho Indirect Heated retorts only 
28 A combination of Paraho Direct Heated and Indirect 
Heated retorts 
3.1.4 Alternate 2A 


A total of 24 Direct Heated Paraho retorts are used. 


Crude shale oil, with a pour point depressant is pipelined 


from the complex. 

A large amount of low Btu gas is produced in this case. The 
gas is cleaned and used to generate electrical power and the 
excess power is exported through a high voltage power grid. 
3.1% Alternate 2B 


A total of 24 Indirect Heated Paraho retorts are used. 


Crude shale oil, with a pour point depressant is pipelined 


from the complex. 
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The fuel for the IH retort heaters requires that the high 
Btu gas (after cleaning) from the retorts be supplemented 
with liquid fuel. The net liquid product output reflects 
this demand; a cost of producing liquid fuel that is en- 


vironmentally. acceptable is also included in the operating 


COSts. 
al. 6 Alternate 2C 
Retorting utilizes a combination of Paraho retorts - 18 


Direct Heated and 6 Indirect Heated with a fuel pool balanced 


to produce no excess low Btu gas. 


The major product is crude shale oil. A pour point depressant 
is added so that the product can be handled through con- 
ventional pipelines. A quantity of SNG is produced and 
exported as a pipeline gas product. The fuel balance is 

such that an excess of Indirect Heated retort gases are 
produced. A SNG plant is included in the capital and operating 
costs values; this plant is required to treat the Indirect 
Heated retort gases so that they meet existing natural gas 


pipeline specifications. 


The full scale project facilities for each of the five case 


studies are described in the following Section 4 including: 


Mining and materials handling 
Paraho retorting 
Retorted shale disposal 


Upgrading of shale oil and gases 


OFeOr.0: 0." 0 


Offsites and support facilities 


Key results of the evaluation for each of the cases are 
presented in Table 3-1, Feed and Product Summary, and Table 


3-2, Overall Summary. 
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TABLE 3-1 
FEED AND PRODUCT 
SUMMARY 
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Mining Rate TPSD 

No. of Direct Heated 
Retorts 

No. of Indirect Heated 
Retorts 


Retort Production: 
Crude Shale Oil (BPSD) 
Gas:* D.H. (FOE BPSD) 
(MMSCFSD) 
(FOE BPSD) 
(MMSCFSD) 
(BPSD) 


fered 3 1 
Condensate 


Net Production: 
Synthetic Crude 
Crude Shale Oil 
SNG (MSCFD) 
Total Facilities Invest- 
ment $Millions 
Total Facilities Operat- 
ing Cost $Millions/Year 
Synthetic Crude Price at 
15% ROI 100% Equity 


(BPSD) 
(BPSD) 


* Net gas after cleaning 


Base Case 


Coking 
Hydro- 
treating 


165,700 
ee 


12 


100,000 
12,424 
(482.8) 

5,678 
(39.0) 
400 


G1.202 
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Table 3-2 


OVERALL SUMMARY 


Alternate 1 
Direct Hydro- 
treating of 
Crude Shale 
Oil 


165; 7/60 
18 
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100,000 
18,636 
(724) 
e70a2 
(L925) 
200 


88,542 


Alternate 2A 
Crude Shale 
Oil Only 
Direct Heated 


165,700 


24 


100,000 
24,849 
(966) 


Alternate 2B 
Crude Shale 


Oil Only 
Indirect 
Heated 


£65,-/ 00 
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100,000 
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Alternate 2C 
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3.2 ECONOMIC ANALYSIS 


An economic analysis was developed for a 100,000 BPSD crude 
shale oil complex. The capital investment and operating 
cost requirement were developed for a 165,700 ton per day 
mining operation, retorting facilities to produce 100,000 
barrels per stream day of crude shale oil and upgrading 


facilaties. 


The investment and operating costs for cases studied are 
summarized on the following Tables 3-3, Investment Summary 


and 3-4, Operating Cost Summary. 
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Mining 

Materials Handling 
(Crushing, Screening, 
etc.) 

Retorting 

Retort Gas Cleaning 
& Upgrading 

Crude Shale Oil 
Upgrading 

Retorted Shale 
Management 

Water Supply 

Offsites 

Site Prep & Roads 


SUBTOTAL 


OTHER COSTS: 
Reserve Acquisition 
Owner Engrg. & 
Proj}. Management 
Organization Develop & 
Training 
Startup & Fix-its 
Environmental Monitoring 
Catalysts & Chemicals 
Royalties - Prepaid 
Working Capital 
Other 


SUBTOTAL 
TOTAL 


Base Case 
Coking = 
Hydro- 
treating 


Alternate 1 
Direct Hydro- 
treating of 
Crude Shale 


Oil 


14 


Table 3-3 


INVESTMENT SUMMARY - SMILLIONS 


147 


Alternate 2A 
Crude Shale 
Oil Only 
Direct Heated 


Alternate 2B 
Crude Shale 
Oil Only 
Indirect 
Heated 


147 
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Alternate 2C 
Crude Shale > 
OL. -Ondy 
Direct Heated 
& Indirect 
Heated 
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Mining, Crush, 
Retorted Shale 


Retort, & Retort 
Gas 


Upgrading & 
Offsites 


Water Supply 
Adena tra elon 
FOE (Credit) 
Fuel Oil (Debit) 
Insurance & Tax 


Corporate Over- 
head 


TOTAL 


Table 3-4 


Base Case & Alternates 
Annual Operating Costs 


(S$ Millions/Yr) 
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3.3 ECONOMIC ASSUMPTIONS 


Project Schedule 


First half 1976 dollars 


Owner's Equity 
Service Factor 


Investors rate of return 


Depletion allowance on value 


of retorts liquid yield 


Depreciation 


Investment Credit 
Income tax rate 
Severance Tax 


Insurance and other taxes 


Extraction royalty 


Retort royalty 


Process royalty 


Project Economics 


By-product Values 


24 project years 
5 design-construct years 
21 production years 
CLs eye, tee oor egs tbo: @ full} 
See Figure 3-l 


No change in dollar value 
during the project 


100% 


90% 


Mining 10 years 
Retorting & Processing 15 years 
Water Supply 20 years 
Fee One ela Capital 

51% (Federal plus State) 

0% 


POL Inve tat cCaplcal (orce Prep. 
excluded) 


11¢ per ton of mined shale 
(29 Gale7 ton) 


10¢ per bbl. crude shale oil 


Varies - typical for process 
unit included 


Plant gate basis 
Ammonia - $140/ton 


Sulfur - zero value 
SNG - $1.50/MM Btu 


Water is available from Colorado River in required volume and at 


$25 per acre-foot. 


Plant effluents will meet Federal/Colorado environmental 


requirements. 
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A permanent highway will be constructed by the state from 


Rio Blanco to the plant site. 

Associated community development will be by others. 
No extraordinary taxes or assessments are included. 
Exploration and environmental studies - $10 MM 
Project abandonment costs - zero. 

Salvage value at termination - zero. 

Electric power - purchased at 2.2¢/KWH. 


Fuel to external power plant - value equivalent to 2.2¢/KWH 


power. 


Addition of pour point depressant in crude shale oil cases 
2A, 2B, and 2C. will cost, 25¢/barrel.; This us based on 
laboratory tests of commercially available pour point 


depressants in reducing crude shale oil pour point to 40°F. 
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Figure 3-1 
PROJECT SCHEDULE — BASE CASE 
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\ ) 3.4 .VARIABLE STUDIES 


Economic variables analyses were conducted against the Base 


Case only, and the results are shown insable 3-5. 


Depletion Allowance at 0% 

Investment Credit at 0% 

10% Fines 

Capital Investment at 110% 

All, by-product values at \zero 
Operating costs at 110% 

Six year design-construction period 
Retort mass rate at 110% 

Retort mass rate at 90% 

Retort liquid: yield at/95%- (vs.92%) 
Retort liquid yield at 89% (vs. 92%) 
a Overall service factor at 80% (vs. 90%) 
7 1 Year added production 


Reserves acquisition @ 5¢/Bbl. 


DO -Ofs))- Ge Om OC. (O° ROr-O (On. C7 eae 


Reserves acquisition @ 10¢/Bbl. 


Base Case and Alternate Comparison of Product Oil Value at 


Different Return on Investment: 


Vale ofp product, OL), S/Bbl. cat 
Following Return on Investment 


Case Shale Oil Product ees Loe 
Base Refined 16270 Eo 35 
ALC. eu Refined 15515 Lt. 0 
ALG tte Crude 10.10 ieou 
ALC. 25 Crude 13.85 oc 
Rit. 26 Crude | 11.15 L270 
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Table 3-5 
VARIATIONS TO BASE CASE 


R.O.I. @ $18.00/Bb1. + Oil Price/Bbl. 


Plant Gate From Base Case 
OL Prices. % Perot e.O. Ls 

is 80% Service factor Lo tS 245 

Qi 0 Depletion Lae S on als 

oi + 10% Capital Cost eae ie aa 

4. Serre. CONnStructiLon 22.0 pnd baad Whe 

5. + 10% Oper, Cost Pa He 16D 

Gis Ov Tax, Credit 1279 tas. 65 

ia 0 By-Product Values eo so Meee. 

2M 89% Liquid Yield cs ty ee 30 

9. 10% Fines ils Ni et es aie) 

10. -10% Retort Mass Flow 13.4 eg Mreee) 

Base Case sins LOS 

ll. 3 leir. Added Production ake uy, mas ea 

12. +10% Retort Mass Flow qs ies oie mt SS 

13. 10¢/Bbl. Reserve Acquis. 3 8y/ iene, eae!) 

14. 5¢/Bb1l. Reserve Acquis. hea at eae 

15. Boeeiguia yield ie Re) see ba eege 


*Oil price for base’ case at 15% R.O.1. 
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4. DESIGN BASIS 








Erahlh 


SECTION 4 
DESIGN BASIS AND PROJECT DESCRIPTION 
4g Dl le SOU RLe LLON 
4elel General 


The siteassumed for this study! is, located within Garfield 
County in northwest Colorado. The plant site, including the 
area to be mined covers 12 square miles in the Naval Oil 
Shale Reserve No. 1 on the Roan Plateau. It is approximately 
three miles north of the site of the Paraho Oil Shale Demon- 
stration at Anvil, Points «@Colorade.y Figures 4-ltand 4-2 


indicate the site. 


The site topography and overall project layout are shown in 
Figure 4-3. The site is hilly containing light woods and 
brush with surface elevations varying from 8000 feet to 

9160 feet. Drainage from the site presents no problems 

and eventually flows to the Colorado River. Bearing capacity 


of thessoileis in excessso£3000—Lbs* tpepvsquare’ foot. 


Access to the» site is currently by unimproved) dirt road from 
a main highway running from Rifle to Rio Blanco which, in 
turng Gonnects with other major highwaywanteries. | The 
nearest railroad connection is in Rifle where provision for 
alSidimomwill ibe made. Mail servicerto the site will not 

be provided. The nearest commercial airport is at Grand 


JUNeTLON. 
4;1%2 Plant shayout 
The mined area and layout is shown in Figure 4-3. Mine 


shafts are located at the centroid of the projected mining 


area. The mine shafts extend 1055 feet to the mine floor 
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from Colorado River! 
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The processing area is situated such that the mine shafts 





are in close proximity, but dust intake from the processing 
area is minimal. The processing area plan, which includes 
the crushers, screening, retort batteries, and associated 
materials handling is shown in Figure 4-4. The retorted 
shale disposal area outlined in Figure 4-3 represents a 20 
year disposal pile. Runoff retention dams will be pu teat 
the base on each disposal area to collect normal runoff and 


leach waters. 
Atiees Site Resources 


Assayed samples from two core hole drillings done by the 
Bureau of Mines indicate the existence of mineable oil shale 
76 feet thick averaging 29 gallons per ton. 011 shale 
averaging 29 gallons per ton contains approximately 2040 
barrels per acrefoot mined, and the overall extraction by 
the room-and-pillar mining technique chosen is 62%. Thus 
the mineable oil shale reserves within the entire 7680 acres 
are 738 million barrels. .At the production rate anticipated, 


this represents a 19.7 year mine life. 


4.1.4 Construction Considerations 


Skilled and unskilled construction labor is assumed to be 


short supply in the area. Labor training and incentive 
programs will be provided to meet the construction schedule. 
It is also assumed that sufficient living accommodations 
will not be available in the limited populated surrounding 


areas, therefore, a construction labor camp is required. 


Being a grass-roots plant, all temporary SOnSi MuGtuOhet acl. — 
ities such as office, storage, and service building, as well 
as utilities, will be provided. Temporary shelters and en- 
closures will be included to allow construction during adverse 
weather conditions. Site preparation will require extensive 


cutting and filling to develop a clear and graded plant site. 
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It is assumed that upgrading the existing dirt roads to the 
site will be done by the state. Large sized equipment will 
be field erected. 


AL. QaLOLLOSHALE MINING 
Ame General 


The proposed mining method is a modified room-and-pillar 
system. The upper 40 feet of the oil shale horizon will 
utilize a conventional room-and-pillar system, whereas the 
lower 36 feet will be mined by a benching system. Face and 


bench mining are to be performed simultaneously. 


A preproduction period of three-and-one-half years has been 
allowed. During this period, a production shaft, man and 
materials shaft and three ventilation shafts will be sunk to 
the mining zone. The primary crushing stations, underground 
shops and other needed facilities will also be completed in 
the period. About 8.3 million tons of development ore and 
panel preparation ore will be excavated and stockpiled on 


surface prior to plant startup. 


AL2R2 Mine Design and Parameters 

Scheduled work year 355) Days 

Scheduled work week 20 shifts 

Panel extraction 68% 

Overall extraction 62% 

Development entries 50 feet wide by 40 feet high 

Development pillars 70 feet wide 

Panel rooms (upper level) 55 feet wide by 40 feet high 

Lower level bench 55 feet wide by 36 feet high 
(average) 

Panel pillars 60 feet by 88 feet 

Panel barrier pillars 70 feet wide 

Average mineable horizon 76 feet 

Average shale grade 29 gallons per ton 


4-3 
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Aw2s3 Mining Layout 


The mine plan consists of a series of mining panels that are 
eight rooms wide and 16 crosscuts deep. The rooms and 
crosscuts are 55 feet wide. Pillars within the panels are 
60 feet by 88 feet. Panels will be separated by 70 foot 
barrier pillars. Each panel will have two ramps for access 


to the lower level. 


A258 Mining Function Description 


Dra lsling. ploesuipper, Jevel drilling will be done by special- 
ized drill jumbos, each mounting two rotary drills capable 
of drilling 4-1/4 inch diameter holes 27 feet deep. The 
units are to be self-contained with an air compressor and 
drill water tank. Lower level drilling will be done with 


vertical rotary drills which are also self-contained. 


Charging and Blasting. Ammonium nitrate mixed with fuel 

oil will be the primary blasting agent. The AN/FO will be 
placed in blastholes pneumatically. Each hole will be primed 
with a high strength primer that contains a cap and delay 
element. The overall powder factor will be 0.51 pounds of 


explosive for each ton of shale produced. 


Loading and Hauling. Large front-end loaders will load the 

blasted ore into 75 ton haulage trucks. Haulageways will be 
assigned for one way travel, thereby minimizing interference 
and delays. Loader requirements will be constant once full 

production is attained. Truck requirements will increase 


as haul distances increase. 


Scaling and Roof Bolting. Rib and face scaling will be accom- 
plished with mechanical scalers. Roof bolts will be systemat- 


ically installed in all exposed back by a roof bolting machine. 
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Primary Crushing and Hoisting. Toothed single roll crushers, 
48 inch by 72 inch, will be used to crush shale to minus 12 


inch prior to hoisting. Total mine production will be hoisted 
from a single 38 foot diameter shaft with four 100 ton skips. 


Primary crushers will be located underground. 
4.3 RETORT FEED PREPARATION 


The raw shale crushing and screening facilities will be de- 
signed to produce a retort feed consist (nominal 3/8 inch x 


3 inch).as shown in- Figure’ 4-5. 


fs Lee a Raw Shale Stockpiles 


Retort feed preparation will begin with hoisting the -12 
inch primary crusher product from the mine to the surface 
for diversion to either the plant surge pile or to a 625,000 
ton stockpile. The stockpile will serve as storage EGr 
excess mine production to be used during non-productive 
periods of the mine and as surge capacity when a retort or 
retort battery is down for scheduled maintenance. The plant 
surge pile has a capacity of 7000 tons and prevents loss of 


feed to the secondary crushers. 


ALise2 Secondary Crushers 


Primary crushed material (-12 inch) passes over a vibrating 
grizzly screen with 6" openings. The +6 inch oversize reports 
to a double roll secondary crusher to be crushed to =6 ‘inch. 
Secondary crushing is divided into 3 circuits (2 operating, 
1 stand-by). The 6 inch undersize from the grizzly screen is 
combined with the secondary crusher product and conveyed to 


surge bins. 
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A&A3 33 Deetiary Crushers and Screens 


The -6 inch material from secondary crushing is discharged 
from the surge bins across the top deck of a triple deck 
vibrating screen comprised of 16 parallel circuits. The top 
deck has 3 inch openings; the second deck has 1 -1/2 inch 
Openings, and the bottom deck 3/8 inch openings. Thus, three 
separations are produced: +3 inch oversize, -3 inch to +3/8 
inch product for retorting, -3/8 inch material unsuitable for 


retorting. 


The +3 inch oversize off the top deck is routed through eight 
double roll tertiary crushers. Product from the tertiary 
crushers is recirculated back over the top deck of the triple 
deck screen. Retort feed is collected from that material pass- 
ing through the 3 inch top deck screen but withheld by the 

3/8 inch lower deck screen. The intermediate 1 -1/2 inch 
second deck screen serves to improve screen efficiency and 
reduce loading on the 3/8 inch lower deck screen. Material 
passing through the 3/8 inch lower deck represents fines and 


is routed to the retorted shale disposal area as top cover. 
4.3.4 Fines Production (see appendix) 


The particle size distribution obtained from the three stage 
crushing scheme described above is shown in Figure 4-5. Fines 
production (minus 1/2 inch material) amounts to 8.8% of the 
total mined shale. This is a result of a detailed blasting 
and crushing study performed by Cleveland-Cliffs Iron Company. 
The particle size distribution (nominal 3/8 inch x 3 inch) 
required for retort feed is also shown in Figure 4-5. Thus, 
out of the 8.8% minus 1/2 inch material, 3.8% of the larger 
consist may be fed to the retorts. This leaves 5.0% of the 
total mine production not suitable for retort feed. This is 


utilized as top cover with retorted shale disposal. 
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4.4 RETORTING 


4.4.1 Process Description 


The Paraho retort is a refractory lined, cylindrical vertical 
shaft vessel for processing lump size (nominal 3/8" x 3") 
Shale. Figure 4-6 exhibits the construction to be described 
herein. The raw shale is fed in the top from a feed hopper 
and rotating distributor which distributes the lumps evenly 
across the bed. The shale lumps move downward as a packed 
bed by gravity with the movement being controlled by the 
unique grate in the bottom of the retort. In moving downward, 
the shale first passes the off-gas collector zone, then 
through a retorting zone (thermal decompostion of kerogen to 
oil vapor), over the gas distributors and through a cooling 
zone to the grate. The grate is operated hydraulically and 
its speed is controlled to give the desired flow of the 

Shale through the retort. The grate causes the column of 
material to descend uniformly over the cross-section of the 
retort. The retorted shale is discharged through a pressure 
seal at the bottom of the retort. 


Cool recycle gas enters the bottom of the retort through 
gas distributors built in the grate. The gas as it ascends 
through the shale bed is heated by descending retorted 
shale, which in turn is cooled. Additional heat enters 


through two levels of gas distributors. 


Two levels of heat distribution are used to completely dis- 
tribute heat uniformly over the cross-secton and prevent 

cold gas channeling. The hot gases ascending above the 
distributors preheat and retort the shale. The ascending 
gases and shale oil vapors from retorting are cooled by 
incoming raw shale; oil is condensed in the form of a stable 
mist and carried with the gases out of the retort through 
off-gas collection devices to oil/gas separators for recovery 


of the oil and recycle of the gases. 
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Exch 


The Paraho retort is basically a counter-current gas-to- 
shale heat exchanger effecting thermal efficiency. Three 


processes have been developed utilizing the above principles. 


The Direct Heated Process. Products of retorting are gas, 
Oil, and residual coke on the retorted shale. In the direct 
heated process shown in Figure 4-7, residual coke and gas 
are burned in the retort by the addition of air at the 
distributors to heat the process. Recycle gas flows and air 
injection are controlled to provide enough hot gases to 
retort the shale in the zone above the top distributor. Air 
addition at the distributors is diluted by recycle gas to 
moderate extreme localized temperatures at the point of 
combustion. The net gas produced in the direct heated pro- 
cess has a lower heating value (118 Btu/SCF) due to the 


retort gases being diluted by products of combustion and 





nitrogen. 
The Indirect Heated Process. The Indirect Heated process is 
presented in Figure 4-8. This method eliminates combustion 


within the retort and, therefore, produces product gas of 


| 

| higher value (808 Btu/SCF). The residual coke produced in 
retorting remains on the retorted shale. The process heat 

| is supplied by recycling gas through heaters, and the hot 

| gas is then injected into the retort at the two distributor 
levels. The temperature and quantity of the entering hot 
gases are controlled to provide sufficient heat to retort the 
shale above the top distributor when combined with the 


ascending preheated gases added at the grate. 


The Combination Process. The combination process uses both 

hot gas addition at the top distributor and air injection at 
the mid distributor (refer to Figure 4-9). Air injection at 
the mid distributor allows utilization of the residual carbon 


by combustion to assist the top gas heaters in fueling the 
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process. A net product gas of intermediate heating value 
(300 Btu/SCF) is produced. 





Consideration of the combination process will not be included 
in the Commercial Evaluation Study due to the lack of defini- 


tive data and an extended demonstration run. 


Ae lee The Paraho Oil Shale Demonstration 


Two Paraho retorts were erected at Anvil Points. The 

Pilot Plant retort was a nominal 2-1/2 feet in internal 
diameter and served the primary purpose of testing operat- 
ing conditions applicable to later trial in the larger 8-1/2 


foot nominal diameter Semi-Works retort. 


Retort operations for the Paraho Oil Shale Demonstration 
began with cold flow rock tests in the Pilot Plant on April 9, 
1974 and the Semi-Works on August 23, 1974. A total of 19 
runs with the Pilot Plant and 31 runs with the Semi-Works 
were completed through April 12, 1976. Runs in both retorts 


were established on the basis of key objectives. Con- 


tinual progress was made throughout the demonstration project 


in establishing startup procedures, operating conditions, 
mechanical design, efficient operation, and extended opera- 
bility. Runs given in the following Table 4-1 are par- 
ticularly noteworthy since extended operability with high 


on-stream time was demonstrated. 
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TABLE 4-1 
PARAHO RETORTS 


DEMONSTRATED OPERABILITY 


Run Length %$ On-Stream 

Retort Run No. Process (Days) Time 

PiloeePlant 16 Direct Meat! 99.1 
Heated 

“PilotePlant 18 Direct Zchips 94.6 
Heated 

Pilot Plant 19 Direct Leek 99.8 
Heated 

Semi-Works ij Direct 56.0 88.4 
Heated 

Semi-Works 20 Direct 2526 99.7 
Heated 

Semi-Works 23 Indirect Sule ee 99.6 
Heated 

Semi-Works 28 Indirect 10.46 10,0'..0 
Heated 
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4.4.3 Criteria for Design Basis Selection 


Selection of a commercial design basis for Direct Heated and 
Indirect Heated retorting was based on analysis of the Semi- 
Works and Pilot Plant runs and test periods within the runs. 
Key criteria used in the selection of a run or test period 
applicable to the selection of a commercial design basis 


were as follows: 


ls) Run length or test period duration should be of extended 


length. On-stream time during the run should be Nigh. 


2) Test periods should preferably be consecutive and under 
closely similar operating conditions. A retest of 
operating conditions is desirable to verify data repro- 


dic ibadti ty « 


3.) Operation should have minimal upsets Particularly those 


process related. 


4) Post-run inspection of the retort and auxiliary equipment 
should be satisfactory. The retort should be free of 
agglomerations; air/gas distributor holes should be 
open; off-gas piping and oil recovery equipment should 


be free of sludge. 


5) Oil yield should be high. 

6) Mass rates should be reasonably high. 

7) Operation should be thermally eftircrent. 

8) Data and sample collection should be reliable and labor- 


atory analysis sound. 
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9) Operating conditions should be as economically viable 


as possible. 


10) A design basis derived from the Semi-Works retort would 
be preferable since the scale-up factor to a commercial 


retort is less than with the Pilot Plant. 


4.4.4 Design Basis - Direct Heated Process 


Semi-Works Run No. 20 (SW-20) best satisfies the criteria 
listed previously. Run length and interruptions to operating 
time are given in Table 4-2, Summary of Operating Time. 

Test period conditions during the run were designed to 
explore various air ratios to the top and middle air/gas 
distributors. Five consecutive 24 hour test periods desig- 
nated as Test A conditions using 82% of total air to the top 
air/gas distributor and 18% in the middle air/gas distributor 
were obtained. Operation during the five days was stable 
with the exception of two brief power failures, the effects 
of which were negligible. Toward the end of Run No. 20, a 
retest of Test A conditions was made for five consecutive 24 


hour test periods to verify data reproducibility. 


The post-run inspection was satisfactory. The retort internals 
showed no evidence of agglomerated material in the retort or 
indicated from markings on the refractory walls. The refrac- 
tory walls were clean and polished from shale movement but 
without evidence of coke or shale adhering to the walls or 
erroding the refractory. The outside surface of the air/gas 
distributors were clean and orifice holes were open and clear 
of coke or buildup from the run. The off-gas collectors and 


external piping manifold were clean and free of sludge buildup. 


The reliability of data taken during Semi-Works Run No. 20 
is considered as excellent. The number of laboratory samples 


taken both routine and special were extensive. The results 
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DATE 
11-04-75 
11-07-75 
11-09-75 
11-14-75 


APR Pe Pee es 


19-13-75 
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TABLE NO. 4-2 


SEMI-WORKS RUN NO. SW-20 


SUMMARY OF OPERATING TIME 


OPERATING TIME TIME 
TIME ON-STREAM LOST TIME 
HOURS DAYS HOURS DAYS HOURS 


2143 


1145 


0405 


1100 


1558 


REMARKS OR 
REASON FOR 
OUTAGE 
Pires OfLt 
Power Failure 
Power Failure 
Power Failure 
Standby to 
repair splice 
on ret. shale 
conveyor. 
Power Failure 


Power Failure 


Shutdown 


99.74% 
operating 
time 
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of oil rundown tank calibrations, raw shale and retorted 
shale weigh belt checks, and gas losses through the rotary 
discharge seals were all incorporated into the data. Prod- 
uct gas samples were taken and analyzed by Atlantic Richfield 
Company. Oil samples were sent to Sohio Petroleum Company 


for crude assay. (For details see Appendix.) 


The core of the commercial design basis for Direct Heated 
retorting was formulated by combination of the test periods 
run under Test A conditions. A review of all data from Test 
A conditions is summarized in Table 4-3. Test period A-6 

and A-7 were excluded since the operating conditions deviate 
from the other Test A periods to a greater degree. The 
repeatability of the data and degree of control are indicated 
by the standard deviations. This combination of test periods 
represents 303 stable operating hours. A data summary 
calculated by weight averaging the individual test period 
data on the basis of test period length is given in Table 
4-4, 


Design parameters for the commercial retort were basically 
extracted from the data summary Table 4-4. Various figures 
were rounded off. The following design parameters differ 
from those in Table 4-4, and justification and reason for 


such deviations are described. 


Shale Grade. A shale grade of 29 gallons per ton was dictated 
for the Commercial Evaluation Study because it is a physical 
feature of the site selection. During Semi-Works Run No. 

20, 32 out of 139 eight hour periods (23%) operated with 
greater than 29 gallon per ton shale feed; similarly, 29 out 
of 128 (23%) in Pilot Plant Run No. 16, 10 out Of 24. (42%) 

in Pilot Plant Run No. 19. Both retorts also had excursions 
in shale grade of greater than 30 gpt for several eight hour 
periods. Based on the above, sustained operation with 29 


gpt shale is feasible. 
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TABLE NO. 4-3 


DEVIATION OF OPERATING VARIABLES AND YIELDS 

SEMI-WORKS RUN NO. SW-20 TEST A CONDITIONS 

Deol NOS trey Lee oye pep op peg, 2 
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ITEM MEAN STANDARD DEVIATION 
Raw Shale Rate, TPH pi ee Se, D2 ij 
Raw Shale F.A., GPT ae DAP AS » eS 2 
Om YueldgADRY) 7 eGPH 277.40 9.67 
Oil Water Content, WT% 4.84 2708 
Oak Vee ldenVols. F. Ag Gin2? 4.48 
Oil Yield, Wt? F.A. SLO 4:53 
hora Los@oprDast.;,° SCEM 209.29 The: te 
Arete Mid Dist, ;, oCEM 158.24 1.96 
Gas to ToprDist., SCFM Zb3e29 3309 
Gas to Mid Dist., SCFM 245.74 ELA pe 
Gas to Bottom Dist., SCFM 2254.48 2S eon 
Gas to Product, SCFM 1340.40 ZIS54 
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Run No. 
Test No. Combined 


Length, Hours 


SW-20 


A-1,2,3,4 


TABLE NO. 4-4 


DATA SUMMARY 


Sheet 1 of 2 


5,9,10,11, 
12,13,14,15 


& 16 


303 


RATES AND QUANTITIES 


Air 
Top SCF/Ton 
Mid SCF/Ton 
Bottom SCF/Ton 
Total SCF/Ton 


Recycle 


TopyScry fon 
Mid SCF/Ton 
Bottom SCF/Ton 
Total SCF/Ton 


Raw Shale Tph 


S510 
850 

eats 
4660 


1360 
320 
niet LU 
14790 


Uday 


TEMPERATURES 

Product) Onl: OutCe 
Retorted Shale OutOF 

Raw Shale In °F 

Air OF 

Product & Recycle Gas OF 
Offgas Temperature OF 
Dist..iCooling HJ0 .In,. SF 
Dist...cooling HzO Out, OF 


YIELDS 


Oil Collected Gal/Ton 
Oil Collected Vol% F.A. 
Product Gas SCF/Ton 
Retorted Shale Wt? R.S. 
Retorted Shale Tph 
Liquid Water lbs/Ton 
Material Recovery Wt% 


MISCELLANEOUS 


Retort dp in H20/ft bed 
Carbonate Decomp. Wt% 
Retort Bed Height, Ft.In. 
Throughput, lbs/hr/ft2 
Barometric Press. In Hg. 
Relative Humidity 2% (Air) 
Ambient Air OF 
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RAW SHALE PROPERTIES 


Moisture Content Wt% 
Fischer Assay Gal/Ton 
F.A. Wt Oil 
F.A. Wts Water 
F.A. Wt% Gas + Loss 
Mineral CO2 Wt% 
Ignition Loss Wt% 
Carbon Wt% 
Hydrogen Wt% 
Nitrogen Wt% 


PRODUCT OIL PROPERTIES 


Gravity, Deg. API 
Viscosity SUS @ 130° 
Viscosity SUS @ 2109 
Ramsbottom Carbon Wt% 
Water Content Vol% 
Solids, BS, Wt% 
Carbon Wt% 

Hydrogen Wt% 

Nitrogen Wt% 


Gross Heat. Value 
Btu/scft 
Specific Gravity 


TABLE 4-4 -— Cont. 


DATA SUMMARY 


Sheet 2 of 2 


0.96 


17.05 


pal 


| PRODUCT GAS PROPERTIES (Dry) 
118 


RETORTED SHALE PROPERTIES 


Fischer Assay Gal/Ton 
Mineral CO?2 Wt% 
Organic Carbon Wt% 
F.A. Wt? Oil 

F.A. Wt% Water 

F.A. Wté Gas + Loss 
Ignition Loss Wt% 
Carbon Wt% 

Hydrogen Wt% 

Nitrogen Wt% 


Et PY 
10-239 
1.66 
PPX, 
Eire 
33.07 


1.84 
0.51 


29.59 

46.5 

tay 
4.46 
0.47 
34.62 
| apie |b 
2.00 


Ae? 


Run No. 
Test No. 


SCREEN ANALYSIS 


Size - Inches Amount - Wt% 
3.00 0 
A. 50 nt 
2.00 PN 
E550 SP ees 
205 $2) an 
0.742 is ae 
O52 rae 
VaR Tel P| 
0.263 aS 
0-185 a5 
0.093 ue 
Pan 2 
Loss 0 
GAS ANALYSIS, VOL% (Dry) 
TEP cha vaca 7 co! acabeate arcagutel shane 2250 
Nel Beek. 2. rics. 2f.. & 65.45 
Ope reas o evoke ae) & Spadina! camels os OG. 
i ieatete are aces ote tals hese wre tece PRET 
CHA. 2e2-fores. sy Sleeve. 2.19 
CR ea ocho c coasters arene ate 24.14 
RUPE AGT of ole ol ow aha to we otele oo Ones 
CoH gett. A...%).,-. i. sens 0.62 
ee een canteens, atcha wales oes OAL 
Oy" taps pe parece Mea sere alin ma a 0.46 
Cakes foreen 25414215. .j.5. 0.41 
Ere rer ucte tate ork. cas cucee) eae Oe 22 
IEE akg aan eh ein bien Biele! Steharer « Use 
VOL% Moisture ies 


SW-20 


Comb. Test A's 
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Shale Mass Rate. Raw shale throughput for the combined Test 
A periods of Semi-Works Run No. 20 averaged 11.17 tons 

per nour, (aby y 07 .453..6 lb/hr /£t?. Shale mass rate for the 
Commercial Evaluation Study has been adjusted to 455.5 

ibe yn 7et- for the purpose cf having.a- discrete number of 
retorts (24) and 100,000 BPSD crude shale oil production. 


Four batteries of six retorts will be used. 


Product Gas Quality. Product gas quality (dry, H5S, NH, 
Free) is based on Atlantic Richfield Company's sampling and 


analysis of the product gas during Semi-Works Run No. 20. 
ARCO's gas samples were taken on 11/25/75 during test period 
A-13. (See Appendix for details.) Concentration of hydrogen 
sulfide, ammonia, and water were included from the average 


values measured by the Paraho laboratory. 


Product Oil Properties. Oil samples were taken during Semi- 
Works Run No. 20. Sohio Petroleum Company performed a final 
limited assay of this crude shale oil and have supplied the 
results for the purposes of the Commercial Evaluation Study. 


(See Appendix for details.) 


Raw Shale Feed Screen Analysis. Tylab screen analysis /£0r 


raw shale feed during the combined Test A periods of Semi- 
Works Run 20 averaged as given in Table 4-4. As the basis 
for the blasting and crushing study performed by Cleveland- 
Cliffs Iron Company to determine fines production, (the 
results of which were described in Section 4.3), a two-day 
(1170) 7 cea 2/7) avery age screen analysis was taken 
during Semi-Works Run No. 20. This screen analysis is 
nearly equivalent, particularly in the percentage of fines, 
to the combined Test A average. Thus, to prevent discrep- 
ancy with the blasting and crushing study, the two-day 


screen analysis will be used for commercial retort feed. 


Farah 


In Table 4-5, the commercial design basis for the Paraho 
Direct Heated process is summarized utilizing the information 


from Table 4-4 with the modifications described above. 


a2 Ags Design Basis - Indirect Heated Process 


The following discussion will cite two Semi-Works runs which 
were significant in formulating a commercial retort design 


basis for indirect heated retorting. 


Semi-Works Run Number 23. Semi-Works Run No. 23 (SW-23) 
demonstrated extended operability. A variable study to 
improve thermal efficiency was made as the run progressed. 
The run length and interruptions to operating time are given 
in Table 4-6. As mentioned above, the test periods were 
designed to progressively improve thermal efficiency as 
shown in Table 4-7. Thermal efficiency was basically accom- 
plished by shifting total recycle gas input from the top 
distributor to the bottom distributor with corresponding 
increase in the top gas temperature. Thus, the recovery of 
heat in the retorted shale was greater. A measure of thermal 
efficiency is the enthalpy of the top distributor gas, since 


this represents energy the external recycle gas heaters must 


supply. 


Semi-Works Run Number 28. Semi-Works Run No. 28 (SW-28) 
concentrated on retesting and further improving the thermal 
efficiencies of the later test periods of Semi-Works Run 

No. 23. The percentage on-stream time was 100% for the 10.6 
day period. Three momentary (less than 5 minutes) heater 
outages did occur, but their effect is considered negligible. 
Test periods were designed in an effort to determine the 
operating conditions that minimize carbonate decomposition 
yet exhibit complete retorting resulting in maximum thermal 


efficiency. Table 4-8 shows the results of those test 
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TABLE NO. 4-5 


PARAHO DIRECT HEATED RETORT 


COMMERCIAL DESIGN BASIS 


Rates and Quantities 


Shale Mass Rate, ibe ney fe 

Bir to Top Distributor, SCF/Ton 

Air to Middle Distributor, SCF/Ton 
Total Air, SCF/Ton 

Recycle to Top Distributor, SCF/Ton 
Recycle to Middle Distributor, SCF/Ton 
Recycle to Bottom Distributor, SCE/ Ton 
Total Recycle, SCF/Ton 

Distributor Cooling Water, gal/ton 


Yields 


Raw Shale Grade, gpt 

Oil Collected, Vol.% Fischer Assay 
Product Gas, SCF/Ton 

Retorted Shale, wt.% Raw Shale 


Temperatures 


Offgas, OF rf 
Retorted: Shale, «of 


Distributor Cooling Water Rise, 4 


I 





455.5 
3810 
850 
4660 
1360 
1320 
12110 
14790 
430 
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Exahit 


PRODUCT GAS: 


s (MW=57.0) 
s (MW=71.5) 
+ (MW=96.2) 


PRODUCT OIL: 


Gravity, CaPr 
Specific Gravity @ 60°F 
Pourpoint, OF 
Viscosity 

SUS @ 60°F 

SUS @ 100°0F 

SUS @ 140°F 

SUS @ 210°F 
Total Sulfur, Wt3% 
Total Nitrogen, Wt% 
Ramsbottom Carbon, Wt% 
BS & W, Vol% 
Carbon, Wt% 
Hydrogen, Wt% 
Oxygen, Wt% 


Wet Vol% 


Bg pe 
0.76 
JL<09 
1.90 
LJ63 
Ua tie Be 
0.76 
Boe 
0.3/7 
0239 
0 o23 
O2b3 
0.63 
0.18 
a7 


f by oma] c 


100.00 
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0.63 
1.90 
1.59 
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MISCELLANEOUS 
Retort Pressure Drop, Inches H,O0/foot bed A Pt 
Retort Bed Height, feet-inches 25-6 


Raw Shale Feed Screen Analysis Figure 4-5 
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TABLE NO. 


4-6 


SEMI-WORKS RUN NO. SW-23 
SUMMARY OF OPERATING TIME 


OPERATING TIME 
TIME ON-STREAM 
HOURS DAYS HOURS 
03800 
1018 5 2.30 
0750 go ae 7 
2040 Seas vipa 

SOt4s 3.92 
1100 1 2.00 
1747 3.03 
2030 1 2.50 
0920 ie Bick 
0100 15.33 
0410 3.08 
0430 0.25 
0530 0.92 
0610 0.58 
1800 baad 
0320 8.00 
0455 1.28 
1400 4.25 
1607 1.88 
2120 3 4.22 
1321 14.18 
TOTAL 30 Bae 


TIME 


LOST-TIME 
DAYS HOURS 


*Includes heater outage of 5 minutes or more. 


4-23 


REMARKS OR 
REASON FOR 


OUTAGE* 


Startup 


Heater off 
5 times 


Heater off 


Heater off 
7 times 


Heater off 
standby 


Standby to 
stall gas 
cooler 


Heater off 
off 
eam 
OLE 
off 
Ort 
off 
OLt 
off 
off 


Heater 
Heater 
Heater 
Heater 
Heacer 
Heater 
neacer 
Heater 


Heater 
3 times 


Heater off 
Heater off 
Standby to 


check weigh 


belt 
Heater off 
Snutdown 


96.6% 
Time 
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TABLE NO. 4-7 
SEMI-WORKS RUN SW-23 
THERMAL EFFICIENCY PROGRESSION 


Heat Input* Recycle Gas** Top Gas 
Test Period MBTU/Ton Ratio Temp., OF 
A=1 610 3.68 1142 
A-2 609 3:19 1148 
A-3 641 ee” 1148 
A-4 628 ies bL51 
Re 5 617 Bef 1143 
A-6 592 S75 1148 
A-7 578 25.00 1136 
B=) ay ae 1146 
B= 2 603 Ys 5S) 1141 
A-8 661 CR es 1133 
Boa 532 1.94 LE51 
CHL ae. beet As) 1183 
Cee 485 1.47 1206 
Cas 444 1.45 dy ae | 
Sia 487 1.46 1198 
=> 461 L239 1206 


*Heat input defined as top gas enthalpy at the distributor inlet 
temperature above a 770F datum. 


**Recycle gas ratio defined as ratio of top gas rate (SCF/ton) to 
bottom gas rate (SCF/ton). 
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TABLE NO. 4-8 


SEMI-WORKS RUW NO. SW-28 


THERMAL EFFICIENCY. STUDY 


Test Heat Input* Ca-HP9y veTd Organic Carbon 
Period MBTU/Ton Wt% Fischer in Retorted 
Assay Shale, Wt3 
onaae 478 9143 3 430 
G=2 451 88.4 SU rs 
Step 3 348 60.4 a5 
A-3 341 60.1 ery 2) 5, 
A-4 892 85.4 4.16 
A-4.1 440 94.9 StL) 
A-4.2 424 94.0 3.04 
A-4.3 397 ye 3.74 
A-4.4 386 oun eee! 


*Heat input defined as top gas enthalpy at the distributor in- 
let temperature above a 779F datum. 
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periods where heat input was purposely insufficient as 
evident from low Fischer Assay yields and high organic 
carbon content remaining in the retorted shale. Organic 
carbon contents in the vicinity of 2.5 weight? represent 


complete retorting. 


The reliability of the data during Semi-Works Runs No. 23 and 
28 is considered to be excellent with respect to the frequency 
and accuracy of readings taken and laboratory samples analyzed. 
The results of oil rundown tank calibrations and rotary seal 
losses obtained during Semi-Works Run No. 20 were incorporated 
into these data. Raw shale weigh belt checks were made when 
necessary. Retorted shale weights were determined by ash bal- 
ance. Oil samples were taken during Semi-Works Run No. 23 and 
sent to Sohio Petroleum for crude assay. It should be noted 
that operation with simultaneous hot gas injection to both top 
and mid gas distributors was not possible during these runs 


due to limitations in the recycle gas heaters. 


Analysis of the test period data from Semi-Works Runs No. 23 and 


28, with the criteria given in Section 4.4.3, resulted in 
selection of the consecutive test periods A-4.1 and A-4.2 of 
Semi-Works Run No. 28 as the core of the commerical design 
basis for the Indirect Heated process. Combination of these 
two test periods represents 36 stable operating hours of high 
yield and thermal efficiency. A data summary calculated by 
weight averaging the two test periods data on the basis of 


test period length is given in Table 4-9. 


Design parameters for the commerical retort were basically ex- 
tracted from the Data Summary Table 4-9. Various figures 
were rounded off. The following design parameters differ 
from those in Table 4-9 and justification and reason for 


such deviations are described. 


i oe 4 ae 


vi “ers 
' de Ae ee ie Aue 






bokeg Bi “ Bie: ; a 
at : was ie: ee iy sh ey 
25 saben es mn ical we cs ned 
dinspxo dpid pas, 36 
Dinsp20 .9fade bed xe a dt i 
tnsesigst fidelew a U9). 


ay Wis an te ris vl FO we AED Aig 
Nap aN, Ws : , i i 
‘ i 


























yorusipet? et os Jvedsats adiw Tvs aca “a: as 219 crib 
-boxsyisns eolqmae yrossxoded Baw modss apntbsox 26 sonata’) 
{sea yistoi bas anoissudkise Ans awobarrx 1% 3 to etiuesx 
bessiogioont sisw OS .Ov aml exsow-imee patiub benisydo wesleel4 
nedw ebem stew axoeda Sled prow else wsA +fisb seers oda’ 
~fsd das yd boeniorteteb sew atipiow sisde bed xos9A -¥Is289909n | 
Sas €S .of awA edtzoW-imee patiyb aolst stow aolqase {io - .eons : 4 
beton ed blyode tI .y¥sees sbux> 10 myusloxt]eq oboe og 3098 + 
qos dgod o3 notsoetai asp Jon avyosnss lume At iw, noitsisqo. jsd3 
anux seeds paixub eldizaeg Jon esw exotudizgelrh esp Bim bm 
-219d6ed BBD a edt at  aaitireetas i ub 
i | ye 
bas ES .oW enw eXxoW-imee moet ‘sieb boiieq test et Io siege 
At betiveex <£.8.% noigos® ni nevip slxetixo ‘eds dsiw ,88. | 
to S.)-A bas [,.b-A abotteq seed evisuogeqoD ons to noisseloe ee 
aptzebh I[soiremmoo edt to exon sd? as as .OM ava 2aX1oW-imee He 
sasdt to mottsaidmod -aeso0%g boteoH dooxibar ‘aid 203, pres: eed 
fipin to exod paissieqo eldeta Bt atasesigqet ebolisg Jess owt 
Yd beseluoiso yismmue steb A .yonstoliite fsmisit bas isa 
to elasd edd ao sib aboizeq 3299 ows end Bai psievs tdpiow 
~@-h ness hie sayy 7 Ate 
“~K9 vb cli Dalek sisw s1090% died oats x0t as | 
eouuptt evolwsV .e-8 elder Bi6G ery 
1S32ib atetomsxsq nplesb pean li ito 
xo} moese1 bas de pen 3 c ‘ Tink ¢ 





ty ry my sy wt r yr 
Sa A ego Mi ge wi mit | 


Ershil 


Shale Grade. As stated previously, a shale grade of 29 gpt 
was a physical feature of the site selection made for the 
Commercial Evaluation Study. During Semi-Works Run No. 23, 
16 out of 71 eight hour periods (23%) operated with greater 
than 29 gpt shale feed; similarly, 2 out of 22 (9%) in Semi- 
Works Run No. 28. Excursions of greater than 30 gpt shale 
feed were experienced during Semi-Works Run No. 23. Based 
on the above, sustained operation with 29 gpt shale is 


feasible. 


Shale Mass Rate. Raw shale throughput for the combined test 
periods A-4.1 and A-4.2 of Semi-Works Run No. 28 averaged 
414 lbs/hr/£t*. For the purpose of the Commercial Evaluation 
Study, shale mass rate for the Indirect Heated process will 
be the same as that for the Direct Heated process, 455.5 
ibs /he/tt-. Explanation of the basis for 455.5 lbs/hr/ft* 
was given previously for the Direct Heated process. Indi- 
rect Heated operation eat 455.5 lbs/hr/£t* was demonstrated 


during Semi-Works Runs No. 23 and 28. 


Product Gas Quality. Atlantic Richfield Company obtained 
and analyzed samples of the product gas during Semi-Works 
Run No. 28, however, the results were not available when 
work on the Commercial Evaluation Study was initiated. 

The gas analysis used in commercial evaluation study, for 
the Indirect Heated process will be as sampled and analyzed 
by the Paraho laboratory during the A-4.1 and A-4.2 test 
periods of Semi-Works Run No. 28. The data summary of test 
periods A-4.1 and A-4.2 shown in Table 4-9 present the gas 
analysis ona Cy- basis. The corresponding oil yield is 
reported as Cot wt% of Fischer Assay. For the Commercial 
Evaluation Study, oil yield will be as collected and gas 
quality will be as produced. Thus, the gas analysis for the 
Commercial Evaluation Study will be as given in Table 4-9 
with the C_.+ fraction as sampled and analyzed by the Paraho 


3 
Laboratory included. 
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TABLE NO. 4-9 


DATA SUMMARY 


Sheet 1 of 2 


Run No. SW-28 
Test No. A-4.1,A-4.2 
Start, Date & 

Time 37197 1672000 
End, Date & 

Time 3/21/76 0800 
Length, Hours 20 


RATES AND QUANTITIES 


Recycle Gas 


Top SCF/Ton 10530 
Mid SCF/Ton 0 
Bottom SCF/Ton 11950 
Total SCF/Ton 22480 
Raw Shale Tph hOacwe 


TEMPERATURES 
Product Oil Out OF 147 
Retorted Shale Out OF 336 
Raw Shale in OF 40 
OffGas Temperature °F 326 
Top Heater OF 1379 
Top Dist. Inlet °F 1299 
Bottom Dist. Inlet OF a5) 
YIELDS 
Oil Collected Gal/Ton 24.24 
Oil Collected Vol3 F.A. O22 
Total O11. Yield 

Cs + Wt F.A. 95 
Product Gas SCF/Ton (wet) 535 
Retorted Shale Tph ees 
Retorted Shale Wt% R.S. 89.2 
Liquid Water Lbs/Ton eo 
Material Recovery Wt% 100.3 
MISCELLANEOUS 
Retortsdp in H20/ft bed 4 
Carbonate Decomp. Wt% ae 
Retort Bed Height, Ft.In. 24'-6" 
Throughput, Lbs/Hr/Ft2 414 
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TABLE NO. 4-9. CONT. 
DATA SUMMARY 


Sheet 2 of 2 
Run. No., SW-28 
Test NO. A=4.8, A~4e.2 


RAW SHALE PROPERTIES SCREEN ANALYSIS 
Moisture Content Wt % Les Size - Inches Amount - Wt% 
Fischer Assay Gal/Ton 20.3.0 
F.A. Wt3 Oil LOO 2 3.00 0.0 
F.A. Wt? Water 105 2x 3% 0.0 
F.A. Wt% Gas + Loss Ze 3 2.00 0.0 
Mineral CO, Wt% poe S409) Le 51 26.2 
Ignition Loss Wt% 32a 02 eS 3 oe 
Carbon Wt% L6LL6 0.742 2522 
Hydrogen Wt% L370 Ol. 25 LS*% 6 
Nitrogen Wt% 0.45 Oe, cb Lat D 
Sulphur Wt% ee: 0.263 Led 
OS'S 0.8 
PRODUCT OIL PROPERTIES 0.093 DiS 
Gravity, Deg. API rs 2042 
Viscosity SUS @ 130 655,0 Pan O93 
Viscosity SUS @ 10 45.7 Loss ‘iPee 
Ramsbottom Carbon Wt% 13.93 
Water Content Vol% eae) 7 
DOlLIdSs;, po, NCS 00 
Carbon Wt% 84.89 
Hydrogen Wt% 11.44 
Nitrogen Wt% rns GAS ANALYSIS, VOLS (Dry) Ca- 
Sulphur Wt% 0.62 
H, et ene ert sae Zoe. 
PRODUCT GAS PROPERTIES (Dry) C4- ND cece cee eee eee ee eee 0.56 
OSES 90 IN CSR 8. 0.0 
Gross Heat. Value CO AP i ke yo a a oan Debs 
Btu/SCF 808 CEG save Gyeneke wal e/visie sc) steb ets 323. LO 
Specific Gravity 0.722 COBLTUNG 0 FT ae cee ee ois 15.24 
COA ss, o. pi ond oe ow ay 0 58 Slee 12.74 
RETORTED SHALE PROPERTIES CIHG «sec eesecvecccsns 4.52 
C3Z'S cece ecccvrecccces 2c“d 
Fischer Assay Gal/Ton 0.5 Cy'Ss eas? sacks “hon: ® Oia, 
Mineral CO, Wt% 19.47 HOG css oe ots 8 ales 56s ¥ ous 202 
Organic Carbon Wt% 8.06 NHS@ .Gveetity. a0 2008 L238 
POA Wesel ead RS) 
FLA. WES Water 0.74 
F.A. Wt% Gas + Loss Om6 2 
Ignition Loss Wt% 2 Sk a Vor. 2 MOLSECUY Oe sas dn? ee Oe 
Carbon Wt% Baad 
Hydrogen Wt% 0963 
Nitrogen Wt% 0.34 
Sulphur Wt% 0.74 
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Product Oil Properties. Oil samples were taken during Semi- 
Works Run No. 23. The Sohio Petroleum Company performed a 
final limited crude assay of this crude shale oil and have 
supplied the results for the purposes of the Commercial 


Evaluation Study. (For details see Appendix.) 


Time did not allow a complete crude assay to be run on oil 
produced from test periods A-4.1 and A-4.2 of Semi-Works Run 
No. 28. Since a complete crude assay is necessary EOF 
process calculations in crude shale oil upgrading, the assay 
from Semi-Works Run No. 23 will be utilized here. It is 
interesting to note that oils produced during Semi-Works 
Runs No. 28 and 31 and test periods of higher thermal effi- 
ciency in Semi-Works Run No. 23 exhibited lower viscosities 


as shown in Table 4-10. 


Raw Shale Feed Screen Analysis. The Tylab screen analysis 
for raw shale feed during the combined test periods A-4.1 
and A-4.2 of Semi-Works Run No. 28 averaged as given in 
Table 4-9. In order to utilize the blasting and crushing 
study performed by Cleveland-Cliffs Iron Company, the two 
day screen analysis of 11/10/75 to 11/12/75 as described 
previously in Section 4.4.4 will be assumed as the feed 
consist for commercial indirect heated operation. Screen 


analysis for retort feed is shown in Figure 4-5. 


Product Gas Production. Product gas production for the 
combined test periods A-4.1 and A-4.2 of Semi-Works Run No. 

28 averaged 535 SCF/Ton wet basis. The quantity includes 
predicted losses from the top and bottom rotary seals. 

During the above test periods, leakage of recycle gas in the 
external heaters was known to exist, but quantitative informa- 
tion on the degree of leakage is not available. MThus, 

taking into account heater leakages, the gas production for 
commercial design was conservatively assumed to be 700 
SCF/Ton. 
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TABLE NO. 


SEMI-WORKS RUN NO. 


SW-23, SW-28,, SW-31 


Crude Shale Oil Viscosities 


Test Period 
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Viscosity 
@ 130°F, SUS 


LOS. 2 
106.0 
les B 
94.9 
deli 17.19 
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ih ag Se 
106.6 
11 5).4 
102.4 
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117.4 
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Shale Bed Pressure Drop. The bed pressure drop for test periods 
A-4.1 and A-4.2 for Semi-Works Run No. 28 was unusually high 
compared with similar operating test periods. The higher pres- 
sure drop during the combined A-4.1 and A-4.2 test periods 
indicates the possibility of internal restriction to gas flow 
within the retort. A shale bed pressure drop of 1.0 inch of 
water per foot of bed is considered more typical of?ineirect 


Heated operation and will be used for commercial retort design. 


In Table 4-1ll, the commercial design basis for the Paraho 
Indirect Heated process is summarized utilizing the informa- 


tion from Table 4-9 with the modifications described above. 
4.4.6 Commercial Retorts 


Process Flow Diagrams. Process flow diagrams for the Direct 
and Indirect Heated commercial retorts are shown in Figures 
4-11 and 4-12, respectively. The process flow and material 
balances were derived from the retort design basis given in 
Sections 4.4.4 and 4.4.5 and standard engineering practice. 
Preliminary sizes are given for major equipment and lines for 


the purpose of cost estimating. 
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TABLE NO. 4-11 


PARAHO INDIRECT HEATED RETORT 
COMMERCIAL DESIGN BASIS 


Rates and Quantities: 
Shale Mass Rate, lbs/hr/£t* 
Recycle to Top Distributor, SCF/Ton 
Recycle to Bottom Distributor, SCF/Ton 
Total Recycle, SCF/Ton 


Top Gas Heat Input, Btu/Ton 


Yields: 
Raw Shale Grade, gpt 
Oil Collected, Vol.% Fischer Assay 
Product Gas, SCF/Ton 


Retorted Shale, Wt.% Raw Shale 


Temperatures: 
Offgas, Op 


Cooled Offgas, OF 
Retorted Shale, OF 
Bottom Cooling Gas, OF 


Heating Gas, OF 


45505 
10500 
12000 
22500 


429000 


29 
92 
700 


86%.5 


300 
150 
310 
150 


1300 


Erahi 


PRODUCT GAS: 


Wet Vol% Dry Vol% 
H., 17.40 24.20 
No + AL +0., Ono Us.bU 
Cy) 224155 31.34 
CO Led 2.66 
CO. LO #57 14.70 
CoE 8.79 ye 2 eS 
C5 6) 2 1RS 4.39 
C,E £62 pA 
C3 Inc lea C. (E) 1h gKend Cree hg C3 (E) 
C,s (mo lewtor= 57.0) 0.47 0.65 
C+ Light Naphtha (MW=100) aR cis, 1.60 
Cet Heavy Naphtha (MW=144) ORD 1 OCa79 
HS 2.45 3.42 
NH, 0.92 DiegeB 
HO ZORNLU pe 
100.00 100.00 
PRODUCT OLL: 
Gravity, °aPI EO els 
Specific Gravity @ 60°F Oi .O 
Pourpoint, OF 85 
Viscosity 
SUS @ 60°F Too Heavy 
SUS @ 100°F 241 
SUS @ 140°F 88.0 
SUS @° 220°r 45.0 
Total Sulfur, Wt% 0.62 
Total Nitrogen, Wt% 2205 
Ramsbottom Carbon, Wt% 1.14 
BS & W, Vol’ U0 5 
Carbon, Wt3% 84.88 
Hydrogen, Wt% AoW 
Oxygen, Wt% 1.28 
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MISCELLANEOUS: 
Retort Pressure Drop, Inches H,O/foot bed eet 
Retort Bed Height, feet-inches 24-6 


Raw Shale Feed Screen Analysis Figure 4-5 
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The module, or plant, would be considered successful if at 
 y the end of the first year: 


The projected service factor is 90 percent or greater. 
The throughput is greater than 90 percent of design. 


The thermal efficiency, as measured by heat input, is no 


more than 10 percent greater than design. 


The quality specifications are no more than 10 percent 


less than design. 


The maximum diameter of the module was set at forty feet, 
because in McKee's opinion, this is the largest vessel that 
could be built using commercially available mill shapes and 


beams. 


a) The scale up factor for both the 32 and 40 foot diameter 
retorts, 16 and 24, are well within those normally experi- 
enced by McKee in the development of ferrous and nonferrous 


pyro processes. 


A forty foot diameter selection was justified on the overall 
development schedule as one which is subject to risks which 
are reasonable for a development project and the path which 


minimizes the overall project cost and time. 
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OUT: 


TABLE NO. 4-12 


DIRECT HEATED PROCESS 
RETORT HEAT AND MASS BALANCE 


Raw Shale (50°F) 
Recycle Gas (225°F) 
Air (175°F) 
Combustion 


Offgas with oil (150°F) 
Retorted Shale (380°F) 

Water Vaporization 

Carbonate Decomposition (273%) 
Pyrolysis 

Distributor Cooling 


Skin Heat Loss & Unaccounted 


Lbs/hr 


546,600 
303,780 
95,880 


946,260 


Lbs/hr 


508,380 
442,740 


-4,860 


946,260 


MMBtu/hr 


=3.06 
12.94 
2.24 
128.4 
140.82 


MMBtu/hr 


dd. oul 
29.84 
11.94 
33.60 
22.48 
17.58 
13.98 
140.82 
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OUT: 


TABLE NO. 4-13 


INDIRECT HEATED PROCESS 
RETORT HEAT AND MASS BALANCE 


Raw Shale (50°F) 
Hot Gas (1300°F) 
Bottom Cooling Gas (150°F) 


Offgas with oil (300°F) 
Retorted Shale (310°F) 

Water Vaporization 

Carbonate Decomposition (2.5%) 
Pyrolysis 


Skin Heat Loss & Unaccounted 


Lbs/hr 


546,600 
166,020 


189,480 


902,100 


Lbs/hr 


423,360 
472,260 


6,480 


902,100 


MMBtu/hr 


=o 300 
116.14 

SM 
2 Be ba oy 8 Be) 


MMBtu/hr 


43.51 
24.46 
11.94 

B20 
22.48 
13.46 
eo. OS 
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4.5 RETORTED SHALE MANAGEMENT 
rs Ds al General 


Retorted shale and rejected fine raw shale must be disposed 
of in an efficient manner. Surface disposal of all retorted 
shale and rejected fine raw shale has been selected for this 
project study. The environmental advantages of underground 
disposal are uncertain and not effectively demonstrated. 

Underground disposal would prevent secondary recovery of the 
oil shale in the pillars, back and floor of the mine. It is 
anticipated that a suitable technique for in situ retorting 
of this remaining resource will be developed during the 20- 
year plant life. The retorted shale disposal pile outlined 


in Figure 4-3 represents a 20-year disposal pile. 


Volumes for this study were based on direct heated processes 
retorted shale. The retorted shale produced amounts to 82% 
of the raw shale retort feed on a weight basis. Rejected 
raw shale fines equal 5 weight% of the total shale mined and 
will be used for top dressing on the slopes, as well as fill 
material. Weight would increase by approximately 6% for 
retorted shale from the indirect heated process. Moisture 
addition may be required in order to control the greater 
dust potential and tendencies to self-ignite due to the 


higher quantity of active carbon on the surface. 
A ae Retorted Shale Handling 


The retorted shale and rejected raw shale fines will be con- 


veyed from the retorts to separate surge bins. 
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At full production, approximately 150,000 tons per day will be 
handled. Some of the rejected fines will be used to top dress 
the areas to be seeded in an effort to reduce surface temper- 
atures and the remainder will be commingled with the cooled 
retorted shale unless some other beneficial use is available. 
Rejected fines will be used because the disposal site does 

not have an adequate source of soil for top dressing the areas 


to be vegetated. 


The material will be hauled from the surge bins in 100 ton, 
bottom dump haulers to the disposal area. The hauler traffic 
will provide the primary compaction of the deposited material. 
To ensure structural integrity, the face area will be further 
compacted with conventional compactors. The dumps will be 
developed so that an average 4:1 slope is maintained. Each 

40 foot lift will have a 40 foot wide berm for access and 


maintenance. 


Abe Wray: Water Quality and Vegetation 


Water from normal run-off and leaching activities will be im- 
pounded in catchment basins. This water will be kept out of 
the regional drainage system. Evaporation and use for dust 


control will control the supply in the basins. 


The areas to be vegetated will be surface leached with sprin- 
klers prior to seeding. A heavy application of fertilizer will 
precede planting. A mixture of native grasses and shrubs will 
be seeded. The seeded areas will be irrigated and given 
supplemental applications of fertilizer for two growing seasons, 


after which that area will rely on natural precipitation for 


its water needs. 
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4.6 OFFSITE FACILITIES 
The offsite facilities required are: 


O Utilities 
Raw water filtration 
Boiler feed water treatment 
Steam generation 
Potable water treatment 
Cooling tower 
Electrical distribution 
Pant ad | 
(Instrument Air is included with retorting and 
process units) 
These facilities would be sized to provide the 
requirements listed in the Utility Summary - Base 
Case - Table 4-14. 
Interconnecting Piping 
Relief and Blowdown System - Dual System 
Fire Water System 
Waste Water Treatment 
Sewers: Storm, Process, and Sanitary 
Solid Waste Treatment 
Administrative and Personnel Facilities 
Maintenance and Warehousing Facilities 
Control Laboratory 
Safety Facilities 
Roads 


Go 0.0. -0 0: 0 0 OSC OF CeO 


Product Blending and Loading Facilities 
The following are general statements concerning the most 


critical offsite facilities. Standard petroleum refinery 


practice will apply to the facilities not discussed. 


4-4] 
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PROCESSING, OFFSITES AND 


TABLE 4-14 
BASE CASE 
UTILITY SUMMARY 











Diesel Fuel 





Power 
kw 


—— 


77,500 
185,000 666,000 100 


666,000 5,607 950 
= 345 = 
666,000 5,952 950 oa 



















MINING, CRUSHING AND 
SHALE DISPOSAL 





AUXILIARIES 





343,000 






(343,000) 






NOTES: 


1) Cooling tower blowdown available for dust control. 


2) 30F 4ST 
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pet real Water 


All water systems and consumptions have been carefully 
reviewed to minimize the amount of raw make-up water that 


will be required from the Colorado River. 


The estimated make-up water quantities for the studied cases 


are: 
GPM Acre-ft/yr Cu. ft/sec 
Base Case 5002 8,070 Lee 
Alternate 1 5152 8,310 Nee ie a 
Alternate 2A 3554 STAD 7.9 
Alternate 2B OA, 3,460 4.8 
Alternate 2C 3182 5 130 ree 


(No water sources have been considered as being available 


from the mining operation). 


The raw water supply system shall consist of a water intake, 
primary setting, and pumping facilities located at the 


Colorado River immediately south of Anvil Points. 


On site water facilities will include an intermediate storage 
pond, raw water filtration, demineralized boiler feed water 


treatment, and potable water treatment. 
426.2 Product Pipelines 


Product pipelines have not been included in the cases studies 
but are pertinent to a shale oil project. The following 
information would relate to product lines from this shale 


oil complex: 
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A shale oil product pipeline is feasible to existing crude 
pipeline terminal facilities located at Casper, Wyoming, a 
distance of 290 miles away. It is estimated that the installa- 
tion cost would be about $75,000,000 plus appropriate owner's 


preoperation project costs. 


A possible gas pipeline connection (not studied) is in the 
Rangely, Colorado area. A 75 mile line would be required, 
and the estimated installation cost is about $13,000,000 


plus appropriate owner's preoperation project costs. 
ANG X35 Electric Power Plant 


It has been assumed that a contiguous electric power genera- 
tion plant would be built and operated by others. It would 
be sized to provide the shale oil complex requirements only, 
except for the all Direct Heated Retorts case where surplus 
low Btu gas would be used to generate export power. Capital 
construction costs for the electric power plants in the 


various cases are budget estimated as follows: 


Base Case: $151 MM 

Alternate 1: $157 MM 

Alternate 2A: $166 MM 

Alternate 2B: $108 MM 

Alternate 2C: $131 MM 
4.6.4 Waste Treatment 


All waste systems will be designed and operated to protect 


the existing ecology and meet all environmental regulations. 
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4.7 UPGRADING 
*) 

: Crude shale oil from the retorting operation contains sulfur, 
nitrogen, and oxygen in amounts. that restrict its use as a 
refinery feedstock. The petroleum industry, however, has 
technology which is adaptable for upgrading the crude shale 


Oil to refined products. 


The processing of crude shale oil is directed towards reduc- 
tion of sulfur, nitrogen, and oxygen to product specifica- 
tion levels with proper attention to carbon/hydrogen ratios 
and the myriad of additional physical and chemical properties 
which deal with product usage. The processing of crude 
Shale oil can be done at or near the mining/retorting site 
or at a refining site. The processing at the mining/retorting 
site can be directed towards meeting final product specifica- 
tions or a somewhat reduced scope and severity sufficient to 
enable the upgraded shale oil to be used as a crude oil 

} Supplement in "normal" refinery operations. Crude shale oil 
has a pour point in the 50°F - 85°F range depending on 
retort operating conditions. Movement in a pipeline requires 
the addition of pour point depressant. If upgrading processing 
is conducted at the retort site the pour point of the liquid 
product is reduced sufficiently to allow pipeline movement 


without pour depressant. 


Typical crude shale oil property values which were determined 


from Paraho produced oil are: 


Ds oaARetouet Leo sanReEEOrt 
Gravity; API pany 19.4, 
Pour Point, °F 80 85 
Nitrogen, Wt.% 1.90 20S 
SULTUr, Woes np sts) 202 
: Oxygen, Wt.3 Ne | Pan 
») Ci Ratio TAS 1234 


(For details see Appendix) 







erty y vd Pee z | Wee Cal ; | 
Ta a od «ape 0. .s bi sien se i F | ait i) +. fu dh oy ¢€ 
viwilva esissaon aoltezeqo pass ; 
8 BA Say aah: golurees saad) 
aarti . tevewor sWaseubak myo 


| bs tipeiie 
end 
olade ebirxo edt Raber 202 eldesqehs she ai 6 


PG M4 282 ‘A “th ii beg a rey coh 
| i 4 I 
i eee ee Ye oe 1 a eet 




























Ae - 1 pe: ssa ba ea 





i | nH i ven i 
-oubea ebthwos) betoerbb af hte: efade onc ab basealan a Hot 
~sotiioegs souhorg of mbpyxd bs ,copowin twee to ow | a i : 
e0fjsx neporbyd\nodiso oF nettnedts Yegorg das w elevel nos | 
eeitzeqozqg Lsolmerdo bas Laotaydq Lancisibbs to » bevy add fre 
ebuio to pntesesorq ed? .epsan touboug td bw iseb doidw | i 
ssie paisxrosex\pninim eit 1290 10 36 9noh ed neo Lio: olede ¥, 
paidroses\paiaim eft 36 pnbesenorg ad? ».etia pninites s ta. x0 
~soitineges souborg Leni? patvoom ebnewos besoerib ed neo etie q 

ot Jnginitive yiitevea has sqoor beowhex tadwemor & x0),en0k? - 
{lio sbuito 6 es beew ed ot Lio efare bebsupqu eit, ofse09 

[io sfarte sbuxD. . aenottaresqo yreantten “Lemxon” ct, sromelqaue 

no priibasqeb spas q72¢ ~ 9o@ ent mi tntog Iw0q)s8 esd 
asiiupet enifsgiq 5 ak snemeveM .anokefbaos pnissxeqo t10¢9% h 
paleeeooig paibsipqy tI .tnseeexqeb antog wog to, noid Lbbs odd 
Sivpi£ edt to tatog req edd esis tuodex edt aa bectouhnon ak 
tnomevom snilsqig wolis off yitne.toittes beoubex ei touborq — 
4 -tnsaesigeb Naatacad rine 


wir hi . 


be ad peng 
28 
20.8 r | 


| een a De cmdaete an 
eh es a He hiar 2 ' 
| rh it 


rate Baier! 
7) ane 


a 
On Be ; 
ree y DRE. ne ' " . 
" a ate we ua a a 
; : ; 7. “ Ap +f ff fi] tA ne 
a ; : ey ~ aa ia if ' - 
‘ J ay) Ck ay ui (yt) 


® 


Ershi 


Two upgrading cases were evaluated for this study: 


Base Case: Coking followed by liquid hydrotreating. 


Alternate 1: Direct hydrotreating of crude shale oil. 


Three additional cases in which no upgrading was included 


were also studied: 


Alternate 2A: All DH Retorts 
Alternate: 2B y«-ALL iIH -Retorts 
Alternate 2C: 18/6 DH/IH Retorts with IH Retort Gas to SNG 


A 7/31 Base Case Upgrading 


The base case upgrading scheme (coking followed by liquid 
hydrotreating) involves less technical risk. The coking 

operation encompasses (1) fractionation of the crude shale 
oil, (2) coking of recycle plus atmospheric tower bottoms, 


and (@)4yfractionation of.coking ligquid-<-gas products. 


The coker operation produces three liquid streams (naphtha, 
light gas oil, and heavy gas oil). These streams are processed 
individually in hydrotreaters. The gas streams, from the 
hydrotreaters contain both HS and ammonia in recoverable 


quantities. 


Coker sour water and hydrotreater wash water are fed to a 
Chevron Waste Water Treating Unit for ammonia recovery and 


HS separation. The gas streams, after water washing for 


ammonia removal, are amine treated. The HS from the amine 


units and the WWT unit is fed to a sulfur plant. Tail 


gas is processed in the Stretford Unit. 
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ESS Alternate l Upgrading 


The assumption that crude shale oil can be fed to a hydro- 
treater (Alt. 1) has some technical risk. Catalyst life and 
space velocity considerations may make this case infeasible. 
Hydrogen consumption is not expected to be appreciably dif- 
ferent from the coker case since the feed C/H ratios are not 
greatly different. The direct hydrotreating case is similar 
to the base case (coking - hydrotreating). The utilization 
of energy sources and elimination of the coking operation 


are the major differences. 
Ce ee Process Unit Requirements 
Major process units for the two cases are: 


Base Case Bit. ck 
Cokers Z - 
Hydrogen Plants 


Crude Shale - 
Hydrotreaters 


Coker Product 3 - 
Hydrotreaters 


Naphtha Hydarotreater - ir 


The support facilities for sour water processing and sulfur 


removal are Similar to the base case. 


Block flow diagrams for the five cases are given in Figures 
4-13, 4-14, 4-15, 4-16, and 4-17. 


4.7.4 Product Specifications 


The degree of sulfur and nitrogen removal in the hydrotreat- 


ing operation is affected by coking the crude shale oil. 
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The extent of sulfur and nitrogen remaining in the two cases 


is shown below in parts per million by weight. 


Vol.% PPMWN 
Base Case 


Coking - HH. Treat 





Naphtha ; 24.0 ul 
400-600°F Diesel 45.0 200 
600°F + BTMS. S120 41000 

TOTAL 100.0 405 


Alternate 1 
H, Treating 


pp. aes 2) 
400-600°F Diesel 30.0 200 
600°F + BTMS. 45.0 600 

TOTAL 100.0 320 


The upgraded shale oil is suitable as a 


The absence of 900°F plus material will be particularly 
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refinery feedstock. 


advantageous to refiners that have problems with "bottom of 


the barrel" processing. 
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SOHIO PETROLEUM COMPANY 


DEVELOPMENT TECHNICAL RESPONSE NO. 171 


Copies: S. K. Kunchal, E. K. Frazier, R. F. Faubus (2), J. C. Jansma, 
J. L. Petersen (3), J. E. Metcalfe, Library 


Ta cle: Limited Assay of Crude Shale Oil Produced by Direct Heat Retorting 


Project: 2330-02 Requested by S. K. Kunchal 
Date: 5/19/76 Author: H. E. Alford 
OBJECTIVE: 


Conduct a limited assay a crude Shale Oil produced by Direct Heat Retorting. 
The oil received was labled drum 174 and was: collected from tank number 
520 on November 29, 1975. It was from Semi-Works Retort Run Number SW-20. 


Crude Received: 2/8/76 
Partial Assay: 4/1/76 
Preliminary Assay: 4/15/76 
(missing PNA & 0, data) 
Final Limited Assay: 5/19/76 
CONCLUSIONS: 


There was a considerable amount of water-in the sample that caused some 
difficulty in sampling. The amount of water was not measured. 


With some changes made on the mass spectrometer, we were able to obtain 
hydrocarbon type analyses on all fractions. The crude produced by direct 
heat cretorting is more aromatic and the light fractions are more olefinic 
than that produced in the indirect heat mode. It is also more aromatic 
than the shale oil sampled last year (TR #4800, 5/28/75). 


Metals were done by atomic adsorption spectroscopy. The results agree well 
with those obtained last year. The manner of retorting apparently has 
little effect. 


DTR #171 -2- 5/19/76 
HEAL ford 


Although crude shale oil produced by direct heat retorting did not form 
any gas on distillation, it did produce more liquid boiling below 380°F. 
than that produced by indirect heat retorting or that assayed in 1975. 


As before, the nitrogen content was high, and in general, increases with 
boiling point. Sulfur content decreases with boiling point. The nitrogen 
content of this crude was slightly lower than that produced by indirect 
heat retorting. 


The elemental analysis balances were good. Oxygen analyses were done 
by neutron activation. 


All of the fractions were highly colored. The color appeared to deepen 
on standing. 


DISCUSSION: 


This assay was patterned after the one run a year ago (TR #4800, 5/28/75). 
It does not include all of the inspections normally obtained in a crude 
assay. This is by necessity in the case of the naphtha cuts, since only 
a small amount of light distillate was obtained. It does include an 
elemental analysis on each of the fractions. ji 


This particular sample of crude shale oil gave us some problems in sampling 
because of water. We did not determine the water content; Paraho's analy- 
sis shows 11.91%. Because of the viscosity and gravity of the crude, 

this did not settle. Rather, it stayed in pockets and layers in the drum. 
By sampling carefully, we did obtain enough water-free material for dis- 
tillation. 


With our revamped mass spectrometer, combined with FIA or elution analysis, 
we were able to obtain hydrocarbon type analysis on all fractions. In 
addition to reporting the totals, we have also shown a breakdown of the 
hydrocarbons in each fraction. Naphthene content is reasonably constant 
over the entire boiling range; aromatics increase with boiling point. 
Olefins presented a unique problem in FIA separation; they did not fluoresce 
as they were supposed to. NMR analysis confirmed that the entire non- 
fluorescent band was olefinic. We believe the values to be correct. 

The cumulative totals have been plotted. 


Originally, aygen determinations were made using our Perkin-Elmer Model 
940 Elemental Analyzer. These values were reported in the Partial Assay 
of the crude. We then discovered that we were getting interference, 
probably from sulfur compounds, using this technique. Consequently, 
oxygen determinations were repeated, using neutron activation. These 


values are reported in this assay. 
WO atfdory 
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5/20/76 
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2/11/76 SOHIO PETROLEUM COMPANY 
DIR #171 
CRUDE ASSAY 5/19/76 | HEA 
CRUDE F@raho Shale Oil - Direct Heat Retorting 
C008. Nox = 5 TS No. 76-5200-5 Work Requested by _S. K. Kunchal 
Sample Received 2/8/76 Sample Collected ; 
EE SA Ub ack ole Se Be oe, RR 


Source of Sample _Paraho Oil Shale Demonstration, Inc. 


Table 1 - Properties of Settled Crude 























Gravity, °API 21.2 Total Sulfur, wt. % 0.63 
Specific Gravity @ 60°F 0.9267 Total Nitrogen, Wt. % 1 daeoOa at 
Pour Point, °F 80 RVP, 1b. a pemenal 
Viscosity, SSU Total Acid No., mg. KOH/gm Fiibwae bot. s 
@ 60°F Too Heavy Asphaltenes, Wt.% (ST™-31) 1.094 
@ 100°F fehheeoor bh Ramsbottom Carbon, Wt. % 1.585 
VGC ~ 0.8873 
BS & W, Vol. % 0.14 (0.27 » vol.% as received unsettled) 
Salt, 1b./M Bbls. SEP RLASL IC ae ( 0.428 » 1b./M Bbls. as received unsettled) 
Metals, ppm (AA) Vis. @ 140°F. ssu 71.0 Carbon, Wt. % 84.20 
i ee : _ me Vis. @ 210°F. ssu 41.3 Hydrogen, Wt. % 11.69 
Corrosive Sulfur Oxygen, Wt. % 1,24 
Temperature, °F. Corrosive Sulfur m 
Hydrogen Sulfide-S Mercaptan-S Total 
Ambient cco eb === 
Initial- 200 ; U5 Sa 0.5 
201 - 300 : 3.4 ao 3.4 
301 - 400 26.4 mes 26.4 
401 - 500 32-9 0.3 5 
501 - 600 b5-6 IT.0 74.6 
601 - 700 75.8 28.8 104.6 
701 - 750 210.2 24.9 23500. 
Purge 14.8 7.7 22S 
Total 427.6 T20 500.3 
Total, #/M bbls. ibeye) 24 163 
Table 2 - Hempel Distillation (D-235) of Crude 
IBP 186 Inspections on Residue (500+) 
vol. 2 Rec. at 95°F Specific Gravity @ 60°F 0.9478 
125°F Gravity, °API 17.8 
105°F Vix. SSU @ 140°F. 218 
200°F OFS Vis. SSU @ 210°F 6251 
250°F 0.7 Car. Res., Ramsbottom, wt. % ae SAT eee 
300°F 1e3 Sulfur in Coke, Wt. % 
350°F 3.0 
400°F ‘ 7.0 Approximate Composition, Vol. % 
450°F 5 - Cs & Ltr. (evap. @ 125) 0 
500°F 18.7 125°-400° Naphtha lr ee 
Welghe of 500+ Residue 20.3 400°-500° Kerosine 27 
Volume of Residue 243.0 Gas Oil (Res.-Asph.) 66.1 
vol. % Residue 81.0 Asphalt (Calc.) 14,9 
vol. % Loss 0.3 Asphalt Quality "A" 0.9152 
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\ 
Tabie™ 5 
Crude Shale Oil - Direct Heat C8 pl tet A 
Retor ting tft 


TBP Distillation of Crude 


Cut 


Gas 
55-165 
220-280 _| 


480-520 


750-800 


q 





*Corrected for Loss 


HEA/v 1m 
2/14)-76 


DIR #171 . CRUDE ASSAY - TABLE 4 


a HYDROCARBON IYPE ANALYSTS BY MS 


Crude: Shale Oil - Direct Heat Retortin 





















Cut Temperature, °F. 165-220 { 920-280 | 280-340 { 340-380 [390-480 | 4a0-s20 [ 
Paraffins = 

Searls ie ee Rs ER Ree a 

1 Ring 2 pO Gf 8s Br SO ide ee 

2 Ring — 26 SS 

3 Ring eS Ee eee 

@ Ring I ee eee eee 

5 Ring ee ee eae ee 

B Ring esi aca ee: eee CEE ee DSS Saeee GENS C mee mer TS ua. ees we | 

Total Cycloparaffins fem eae nm U5 fa | 25.3 32.9 77 | 
aaeees Estes a eee ee ee ee 

Naphthene Benzenes Soe eb a Se ee 

Dinaphthene Benzenes |_| fs fe ee 

oo ee aes Be (ae Be GL ee ee 

Acenaphthenes, Biphenyls Ker aR Se ae ewe Md) Gar oe ee 

Acanaphthalenes, Fluorenes ee ene ae ee ae 


oo Sea Oy Ee LO Te CE ATE RR RRL Sees kee oY aan cast cae 


Naphthene Phenanthrenes aay Ya DN Veena oN ema Seen tomatoes se eax ace 
Syren fF ff 
—oitense anenraceses ———_}- ——_} —_ | 
Dibenzo Anthracenes irae ete bs Rema ced a. BK Ios Bs — Bees a cee 
Meereunetiopncics ae Ne ie S| le oe 
basin: henes : Ea ico MCL Le SL CNS Maa mS A pee Ga eee 
Naphthobenzothiophenes Se ee ee Go Go 
Total Aromatics powaieg' 2307 ol LS tae GLO. iat oo ee eed 
Olefins 42.8 A552 5 15.9 6.8 2<2 
HEA/ vim 


2/11/76 





: CRUDE ASSAY - TABLE 4 
DTR #171 


es ee HYDROCARBON TYPE ANALYSIS BY MS 


Crude: Shale Oil - Direct Heat Retorting 








xu ieee eee te + 
Cut Temperature, “F. | 600-650 | 
Paraffins 
aco Fini ei oi rena Sas al FEN a a 
1 Ring ea ae eins Rede SUR d Seamed wid ctemets oeen sae aonaron 
2 Ring gee a ee tee a ee ee ee ee eee 
3 Ring Eines sl aed aoe tec lbenno cd ac aac Scam heen 
4 Ring Jk ee ees Re GR Te ad PRM Soekeewe ae 2 aed 
9 Ring eRe 0.1 2.6 
6 Ring geees5h=) 0.2 FC ee 
Total Cycloparaffins peri a2 pe es eres rir eon On pees. teen eae en ae eer 
so eaEEE. Se Sa TREC RET el eee sarc See 
Alkyl Benzenes ih WT Pret md melee 
Naphthene Benzenes <td Yen Sica (ho ae ed ae Med id Pee es lk mee eet 
Dinaphthene Benzenes z oc7 
Naphthalenes 8 eee | a Sa Tee SS ed ae eee SS Se 
peecopeienca sy ieny es aso erie 9 he [eds Ott | ns Lee Ges ep ete |e en 
acanaphthalenes, Fluorenes ee Saad kd A RL Pee DRC iae A 2 eee gr dae 9 ocd came ee 
Phenanthrenes, Anthracenes 1.4 
Naphthene Phenanthrenes (oan es oe Read Pee ee cae A Soe ie Soak ae 
Pyrenes see eS SSS) Sees LSS e Ses Se 
ees “Saacemmianncotinnd Like < area eI PAIN MROE A Reel canta LO ced Caen gd mee nc es 
ae ieel speemcanieneneaal (roe ack Xe deel ince ata es et sad cee SCS ome coal BS et 
Dibenzo Anthracenes a pe eh i ee eee 
Benzothiophenes Sie Ss BRE LE ee i Be Se ee 
Dibenzothiophenes Sn aera et ee 8 ig ep ie 
Naphthobenzothiophenes sxe eat es a sO dis | ic re 
Total Aromatics 55.9 67.6 96.2 


HEA/vlm 
2/11/76 


wle 


(ae 
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Cum. Mid Vol. % 

VOL wee CiraLrude 

Cum. Vol. % of Crude 
Gravity, °API 

Specific Gravity @ 60°F. 


AST Dist. D-86, vik 
IBP 


@ 10% Evap. 

@ 30% Evap. 

@ 50% Evap. 

@ 70% Evap. 

@ 90% Evap. 

EP 

% Rec. 

% Res. 
Total Sulfur, ppm 
Mercaptan Sulfur, Wt.% 
Total Nitrogen, Wt.% 
UDP OKY ekeactor 
Aniline. Point, °F. 
Cetane index 
Smoke Point, mm 
Pout Point, °F. 
Freezing Point, °F. 
Parartins , VOL. %, 
Naphthenes, Vol. “, 
Aromatics .7Vol...°% 


Olefins, Vol. % 


TABLE 5 


PROPERTIES OF NAPHTHAS 


165-220 220-280 
0 0.72 
0.66 WEG bys 
0.66 0.78 

yaa WN) 
0.7674 0.7775 


Ins. Samp. Ins. Samp. 


1.2 1.13 
XXXX XXXX 

0.05 0.14 
XXXKX XXKX 
XKKK KXXKX 
pg KXKK 
XXXX XXXX 
XXXK XXXX 
XXXK XXXX 
26.8 20.3 

9.3 10.8 
Zi uk 23.7 
42.8 45.2 


280-340 


45.7 


0.7985 


260 
297 
OLA 
314 
318 
330 
354 


oF 


340-3806 


4.00 
Zei9 


5.09 


fl. @ -50 
too dark 
40.7 

Ph 

LG 


ioe 


DIR #171 
5/19/76 HEA 


Cum. Mid Vol. % 
Volume % of Crude 
Cum. Vol. % of Crude 
Gravity, °API 
Specific Gravity.@ 60°F. 
ASTM Dist., D-86, °F. 

IBP 

@ 10% Evap. 

@ 30% Evap. 

@ 50% Evap. 

@ 70% Evap. 

@ 90% Evap. 

EP 

Too REC s 

% Res. 
Vanadium, ppm 
Nickel, ppm 
Iron, ppm 
Viscosity,0cGs/100°r. 
Viscosity, SSU/100°F,. 
Viscosityj0cs/210°r, 
Viscosity, SSU/210°F. 
Total. Sulstun, we. 7 
Mercaptan Sulfur, ppm 
Total Nitrogen, Wt. % 
UOP "K" Factor 
Paraffins, Volume % 
Naphthenes, Volume % 
Aromatics, Volume % ° 
Olefins, Volume % 
Aniline Point, °F. 
Pours Point le Fe 
Freezing Point, °F. 
Thermo Vis. @ 60°F, 
Ring Number 
Cetane index 
Smoke Point, mm 
Diesel Index 
T. Acid No., mg KOH/g. 
R. iL. @ i407 Re 


*Wt.e% 


TABLE 6 


380-480 


8.36 

6353 
iljo2 
36.1 

0.8443 


394 
408 
420 
422 
426 


PROPERTIES OF MIDDLE DISTILLATES 


0.8718 


460 
480 
492 
498 
504 
DL 
557 

92 


Dieses 
99 
=20 


too dark © 


too, dark 
toa dark 
S02 


520-600 


19.83 
fies S| 
23.42 
2056 
0.8855 


442 
530 
540 
542 
550 
561 
580 
99 
iE 
<0e0% 
0.18 
5.4 
5.66 
44.5 
1.63 
3155 
0.69 
S159 
Leif? 
LTS 
2714 
LOus/ 2 
55.9% 
112 
15 
XXXKX 
XXXX 
XXXX 
40.0 
XXXX 
Slag 
Lsagl 
too dark 


600-650 


26.25 
5.65 

29.07 

24.6 
0.9065 


480 
595 
605 
613 
620 
635 
660 

99 


90219 
23.9 
0.790 


too dark 


DIR #171 
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PROPERTIES 


Cum. Mid Volume % 
Volume % of Crude 
Cum. Volume % of Crude 
Gravity, °API 
Specific Gravity @ 60°F. 
ASTM Dist., D-1160, °F. 

IBP 

@. 10% Evap. 

@ 30% Evap. 

@ 50% Evap. 

@ 70% Evap. 

@ 90% Evap. 

EP 

% Rec. 

% Res. 
Vanadium, ppm 
Nickel, ppm 
Iron, ppm 
Viscosity, CS/100°F. 
Viscosity, SSU/100°F. 
Viscosity, CS/210°F. 
Viscosity, SSU/210°F. 
Total Sulfur, Wt.% 
Mercaptan Sulfur, ppm 
Total Nitrogen, Wt.% 
UOP "K' Factor 
Parabrins We. 4 
Naphthenes, Wt. % 
Aromatics, Wt.% 
Aniline Point, °F. 
Pour Point, °F. 
Cetane Index 
T. Acid No., mg KOH/g. 
Re ly fe 10" Fe 


Wis. @ L4A0°R. 


TABLE 7 


650-700 


OF THE HEAVY DISTILLATES 


700-750 


750-800 


800-850 


850-900 


en ee 


too dark 


20.8 
0.9291 


696 


713 
721 


too dark 


51.6 
0.309 
too dark 


0.112 
too dark 


0.05 
0.65 
2965 
87.06* 
XKXX 
Teor 
81.4 
0.57 
60.9 
1.84 
11.45 
Sel 
2264 
14.5 


129 
105 


51.2 
0.279 
too dark 


DTR #171 
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TABLE 8 


PROPERTIES OF THE RESIDUE 


Volume % of Crude 

Cum. Vol.% of Crude 

Gravity, °API 

Specific Gravity @ 60°F. 

Abs. Vis. @ 140°F., Poises 

Kin. Vis. Gtg0°r. 5° CS 

Kin. Vis. @ 210°F., cs 
Vis. @ 210°F., ssuU 

Kin. Vis.«@' 2/5 F., GS 

Hunol) Visa, @ 2/5 F.aeSSr 

Iptal Sulture We. 7 

Total Nitrogen, Wt. % 

Vanadium, ppm 

Nickel, ppm 

Iron, ppm 

Insolubles in Pentane, Wt. % 

VEEN a LUaS ty eae 

Naphthenes, Wt. % 


Aromatics, Wt. % 


eM 
31.92 

100.00 
10.9 


0.9937 


DTR #171 
5/19/76 
TABLE 9 


SULFUR BALANCE 


Gute Wie 


9, 
9 


TGtal Suliume LN ts 7, 


Cut of Crude _ in Cut in Crude 
165 - 220 0.55 1202 0.0056 
220 - 280 0.10 1.13 0.0011 
280 - 340 1.83 0.96 0.0176 
340 - 380 1.96 0.83 0.0163 
380 - 480 5.95 0.74 0.0440 
480 - 520 4.34 0.82. 0.0356 
520 - 600 6.87 0.69 0.0474 
600 - 650 5.53 0.74 0.0409 
650 - 700 5.80 0.69 0.0400 
700 - 750 5.70 0.61 0.0348 
750 - 800 5.48 0.58 0.0318 
800 - 850 6.03 0.54 0.0326 
850 - 900 16.60 0.57 0.0946 

900+ 33.26 0.54 0.1796 
TOTAL 100.00 0.6219 


In Whole Crude 0.63 


DIR #171 
5/19/76 
TABLE LO 


NITROGEN BALANCE 


CUS Wte-Z Total Nitrogen, WtZ 


_ Cot = of Crude in Cut in Crude 
165 - 220 0.55 0.05 0.0003 
220 - 280 0.10 0.14 0.0001 
280 - 340 1:83 0.74 0.0135 
340 - 380 1.96 1.23 0.0241 
380 - 480 5.95 0.96 0.0571 
480 - 520 4.34 boo7 0.0551 
520 - 600 6.87 Lore 0.1182 
600 - 650 5.53 1.75 0.0968 
650 - 700 5.80 2.02 0.1172 
700 - 750 5.70 2.08 0.1186 
750 - 800 5.48 230) 0.1101 
800 - 850 6.03 ie 0.1049 
850 - 900 16.60 1.84 0.3054 
900+ 33.26 Ja 0.8049 
TOTAL 1.9263 


In Whole Crude 1.90 


DTR #L71 
5/19/76 
TABLE 11 


OXYGEN BALANCE 


UEC IW tis cl Total’ Oxygen. Wt. 7, 


Cree of Crude in Cut in Crude 
165 - 220 0.55 Oy27 0.0015 
220 F280 0.10 0.28 0.0003 
280 - 340 1.83 0.66 0.0121 
340 - 380 1.96 1.15 0.0225 
380 - 480 5.95 1.28 0.0762 
480 - 520 4.34 $47 0.0638 
520 - 600 6.87 1.18 0.0811 
600 - 650 5453 1.32. 0.0730 
650 - 700 5.80 1.13 0.0655 
700 Besifa0 5.70 Lie 0.0644 
750 - 800 5.48 A 0.0586 

~~800 - 850 6.03 0.91 0.0549 
850 - 900 16.60 0.98 0.1627 

900+ B3e26 0.95 0.3160 

TOTAL 1.0526 


In Whole Crude 1.24 


DIR #171 


5/19/76 HEA 
Gut 
169 = 220 
220 - 280 
280 - 340 
340 - 380 
380 - 480 
480 - 520 
520 - 600 
600 - 650 
650 - 700 
700 - 750 
750 = 800 
800 - 850 
850 - 900 
900+ 
Wtd. Av. 


In Whole Crude 


Woot 


84, 84 
85.60 
84.23 
83.88 
84.49 
84.29 
84.70 
84.47 
84.73 
84.79 
84.77 
84.96 
85.03 


Sl pat ae, 


84.91 


84.20 


TABLE 12 


CARBON-HYDROGEN BALANCE 





13.61 
13.56 
13.46 
13.18 
13.13 
12.60 
L2.a8 
12.19 
11.71 
Lhasa 
11.69 
LU.92 
Li.oo 


10.94 


Los 


11.69 


H/C 
Atomic 
Ratio _ 
1.93 
1.90 
Web Bs 
1.89 
1.87 
1.80 
1.78 
Led 


1.66 


1.66 


1.67 


DIR #171 


5/19/76 HEA 
mane Ee 
Lope 20 
220 ~ 280 
280 - 340 
340 - 380 
380 - 480 
480 - 520 
520 - 600 
600 - 650 
650 - 700 
700 - 750 
750 - 800 
800 - 850 
850 - 900 
900+ 
Wtd. Av. 


In Crude 


C 





84.34 
85.60 
84.23 
83.88 
84.49 
84.29 
84.70 
84.47 
84.73 
84.79 
84.77 
84.96 
85.03 


$5.29 


84.91 


84.20 


ELEMENTAL BALANCE 


11.73 


11.69 


TABLE 13 





0.62 


0.63 


1.05 


1.24 


Total 

99.79 
100.71 
100.05 
100.27 
100.60 
100.45 
100.86 
100.47 
100. 28 
100.40 
100.12 
100.07 

99.97 


100.14 


100.24. 


99.66 
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SOHIO PETROLEUM COMPANY 


DEVELOPMENT TECHNICAL RESPONSE NO. 172 


Copies: S. K. Kunchal, E. K. Frazier, R. F. Paulus (2), J. C. Jansma, 
J. Le. Petersen (3), J. E. Metcalfe, Library 


Title: Limited Assay of Crude Shale Oil Produced by Indirect Heat 


Retorting 
Project: 2330-03 Requested by: S&S. K. -Kunchal 
Date: SAYOPTS Author: H. E. Alford 
OBJECTIVE 


Conduct a limited assay of Crude Shale Oil produced by Indirect Heat 
Retorting. 


Crude received: 2/17/76 
Partial Assay: 4/1/76 
Preliminary Assay: 4/15/76 
(missing PNA & O5 data) 
Final Limited Assay: 5/19/76 
CONCLUS LONS 


With some changes made on the mass spectrometer, we were able to obtain 
hydrocarbon type analyses on all fractions. The crude produced by in- 
direct heat retorting is less aromatic and the light fractions are less 
olefinic than that produced in the direct heat mode. 


Metals were done by atomic adsorption spectroscopy. The results agree 
well with those obtained last year (TR #4800, 5/28/75). The manner of 
terort ine appanently Has" 1rttlaetrece, 


This crude has a slightly greater amount of material boiling below SSUsE .; 
it is slightly less volatile than crude produced by direct heat retorting. 


The nitrogen content was high and increased with boiling point. Sulfur 
content decreased with boiling point. The nitrogen content is slightly 
higher than that produced by direct heat retorting. 


DIR #172 -2- 5/19/76 
HouBs ALtore 


The elemental analysis balances were good. Oxygen analyses were done by 
neutron activation. 


All of the fractions were highly colored. The color appeared to deepen 
on standing. 


Corrosive sulfur content of this crude was higher than that for the 
crude produced in the direct heat mode. 


DISCUSSION 


This assay was patterned after the one run a year ago (TR #4800, 5/28/75). 


It does not include all of the inspections normally obtained in a crude 
assay. This is by necessity in the case of the naphtha cuts, since only 
a small amount of light distillate was obtained. It does include an 
elemental analysis on each of the fractions. 


This crude does give some gaseous products on distillation. Overall, 
there is less light distillate than in the crude shale oil produced in 
the direct heat mode. 


With our revamped mass spectrometer, combined with FIA or elution analy- 
sis, we were able to obtain hydrocarbon-type analysis on all fractions, 
In addition to reporting the totals, we have also shown a breakdown of 
the hydrocarbons in each fraction. Naphthene content is reasonably con- 
stant over the entire boiling range; aromatics increase with boiling 
point. Olefins presented a unique problem in FIA separation; they did 
not fluoresce as they were supposed to. NMR analysis confirmed that 

the entire non-fluorescent band was olefinic. We believe the values to 
be correct. The cumulative totals are plotted. 


Originally, oxygen determinations were made using our Perkin-Elmer Model 
240 Elemental Analyzer. ‘These values were reported in the Partial Assay 
of the crude. We then discovered we were getting interference, probably 
from sulfur compounds, using this technique. Consequently, oxygen deter- 
minations were repeated, using neutron activation. These values are 
reported in this assay. 
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ASSAY 


CRUDE 


CRUDE Paraho Shale Oil - Indirect Heat Retorting 
Se RR Neher TEE TE Millia ipt ier ocak Sie sabeechedln ts sachs cosa - 


CAOMEESINO's === TS No. 76-05390-5 


Sample Received 2/17/76 


Work Requested by _S. Kk. Kunchal 


Sample Collected 
Source of Sample Paraho Oil Shale Demonstration, Inc. 


——————— Leste 


Table l - Properties of Settled Crude 











Gravity, °API We ei 
Specific Gravity @ 60°F 0.9396 
Pour Point, °F +85 
Viscosity, SSU 
@ 60°F Too Heavy 
@ 100°F 241 
VGC ' 0.8989 
BS & W, Vol. % 0.05 ( 
Salt, 1b./M Bbls. 0.774 ( 


ee 


Metals, ppm (AA) 
AST 22. Nia 2.9 
Fe 55.0 V 20.33 


Temperature, °F. 


Total Sulfur, wt. % 0.62 

Total Nitrogen, Wt. % Pay as, 

RVP, lb. --- 

Total Acid No., mg. KOH/gm 2.411 

Asphaltenes, Wt.% (STM-31) 1.051 

Ramsbottom Carbon, Wt. % £135 
2.4 » vol.% as received unsettled) 


1,048 , 1b./M Bbls. as received unsettled 


Vis. @ 140°F. ssu 88.0 Carbon, Wt. % 84.88 
Vis. @ 210°F. SSU 45.0 Hydrogen, Wt.% 11.57 
TEL SEALS 


Oxygen, Wt.% 1. 28 


Corrosive Sulfur m 





Hydrogen Sulfide-s Mercaptan-S Total 


= “LES 
=== 1.0 
=-- 44.5 
4.3 24.8 
25 233 
BL 278 

6.6 19.0 
66.9 634.6 
22 208 





Inspections on Residue (500+ 


Specific Gravity @ 60°F 0.944 
Gravity, °API 18,4 
Vis. SSU @ 140°F, 244 
Vis. SSU @ 210°F 65,7 


Car. Res., Ramsbottom, wt. % 2692) 
Sulfur in Coke, Wt. 7 


Ambient irs 
Initial- 200 Une 
201 - 300 {7.05 
301 - 400 22.8 
401 - 500 44.5 
501 - 600 ind a sande 
601 - 700 £203 Bod 
701 - 750 247 
Purge 12.4 
Total 567.7 
Total, #/M bbls. Stow 
Table 2 - Hempel Distillation (D-235 
IBP 178 
Vol. 2 Rec. at 95°F 
125°F 
1o5°F 
200°F Re 
250°F 1.3 
300°F 16 
350°F 30 
400°F 3.0 


450°F 8.6 ; 


500°F bk 
Weighe of 500+ Residue 243 
Volume of Residue hie eodmie. ba 
Vol. % Residue 85.3 
Vol. % Loss ee 


Approximate Composition, Vol. 7% 


Cs & Ltr. (evap. @ 125) 0 

125°-400° Naphtha 6.4 
400°-500° Kerosine Sao 
Gas Oil (Res.-Asph.) 69.1 
Asphalt (Calc.) 16.2 


Asphalt Quality "A" 


SOHIO PETROLEUM COMPANY 


Crude Shale Oil-Indirect Heat C.O.P. Number itm ted 
Retorting 





TBP Distillation of Crude 
























PLEATED ED, GELLER ENDL GOAT LEE TB 
er a a nek. ry 0.56 
0.92 
RE es CO Pp ea ye eg 
0.54 
| 34033800 aie hy pO ee Donny 1.12 
0.8849 7.65 

5 

5 

9 ; 

6 61.63 
2.7 

ESS Ee oe ee A 





RRA aia) 
Kise f os 497 YS CP EP | 
| __________ |t00.00 100.00 | 100.00 





*corrected for loss 
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CRUDE ASSAY - TABLE 4 
HYDROCARBON TYPE ANALYSIS BY MS 


Crude: Shale Oil - Indirect Heat Retorting 


Cut Temperature, F. = 
Paraffins heed eon Bt ae ee a 
1 Ring 67 ae’ ites : © 
2 Ring of | 0 Oe a 
3 Ring ra ne ete ee 
4 Ring ee a re rer en ee 
5 Ring ff ___} __} ___|-___+ ___|__ 
6 Ring paca Sane | Seana Rac a, EE AS RS a A RS han” = DR 
nebatiayelanens tems | 
ae mt ee oe ee 
A Benzenes pg d Be nd | eee 2 Ore tk Baal ag | ee ea 
Naphthene Benzenes ee ae ee ee ree eed On ae pas 
(Pano ee pe oe ee ee pees Boe Se ee ee eg 
erences sae 3 ais fe | tO oe fa ee ee 
po weaaithenes cephenyle 4g et ee 
eearonenaleneye@Micrenas | ed | 
Pe @yeincnenes. dathcacenss =) | el 
Se pethenens Moemnthrenes 
peepee ee a 8 
eee ee a a le 
a Et Se pes meee ee ae ae ne ac ee Ge pe wae be ae See Fee eS 
Dibenzo Anthracenes BP ce eee ET RE Se me ee ee Ee ee 
Benzothiophenes ae eee RSs Recados Gai Gee es 
Dibenzothiophenes [it PASS Dae Pe RE RN 
| tatepnrMObenzothiophened : i Sas 3 te te ee 
Total Aromatics BS Eee Oe Se ie aa Be EE a 
Olefins 2052 26. / 25.0 10.8 4.4 
HEA/vlm 
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HYDROCARBON TYPE ANALYSIS BY MS 


Crude: Shale Oil - Indirect Heat Retorting 


I 
r 








Nt. 
Sree et aceon esa aa 


| Cut “femexature, °F. _-... |, 220=600 ['600~650 | 650-700 | 
— nb sa Adan tas eee ee See TE 2201 115.5 





4, 











, 
Selamat neceeniees toe ee 
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Cycleparaffins ; 
[batters gues AG afk 9) 10.5 
Se aa ae ET 
_3_ Ring” Se ee ee ae | ERE ee we 
4 Ring CTE | OR TE REM 1) tan Hie che 
5 ting i. pep ar ia 
Ging ris ; AES | SOT EE EMER Ee 
ib Yotal CycYoparaffing ~~~ ~~ | ~7s20 T7779 pael3e5 1.5 6 — 
Aromatics jam Bi 
BES ees (Sel Sa Ye ee 
Haphthene Benzenes -—[-—-858 16 gfor-lt-4-9.28 IROTY coed beeen ena 
____Dinaphthene Benzenes— [0.0 9.9 OS bol ie Dent ae oe 
Naphthal cies eae | SPS Eee 8.0 | 8.4 | 10.0 
Acenaphthenes, Biphenyls oes 665 oi | 6.4 [5.8 
Acanaphthalenes, Fluorenes ~~~] .9 =e ) 22 
_ Phenanthrenes, Anthracenes 12 2.9 | 4.6 | 09 
Tysenes _ [Bea Eee 
Perylenes poise 


Dibenzo Anthracenes 
Benzothiophenes a 
Dibenzothiophenes —— 
Naphihobenzothiophenes 
Total Aromatics 


H 
t 
beh 
ro) 
@ 
=e 


ui 
Of Of I ry 
oT 
Co} Ie) O 02 
ap 
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00-750 | 750-800. [800-850 [850-870.] ~ 
£55 | dey | 23.2. | 2.0. tins. 


5 


Cum. Mid Volume % 
Vol.°% of Crude 

Cum. Vol. % of Crude 
Gravity, “API 

Specific Gravity @ 60°F. 


° 


ASTM Dist., D-86, F. 
IBP 
@ 10% Evap. 
@ 30% Evap. 
@ 50% Evap. 
@ 70% Evap. 
@ 90% Evap. 
EP 
* Rec. 
% Res. 
Total Sulfurg«Wt.% 
Mercaptan Sulfur, ppm 
Total Nitrogen, Wt.% 
pop: "kK" Factor 
Aniline Point, °F. 
Cetane Index 
Smoke Point, mm 
PNA by MS, Vol.% 
Paraffins 
Naphthenes 


Aromatics 


Olefins 
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TABLE 


PROPERTIES OF NAPHTHAS 


165-220 


1.02 


41.1 


0.8198 


280-340 


Lato 


39.7 


0.8265 


Ins. Samp. 


1/.3 


Zhe 
261 


340-380 
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Com. Mid wavolet 7% 
Vol. % di (Grade 

Cum. Vol. % of Crude 
Gravity,, APL 


Specific Gravity @ 60°F. 


ASTM Dist., D-86, °F. 
IBP 


@ 10% Evap. 


Evap. . 
Evap. 
Evap. 


Vanadium, ppm 
Nickel, ppm 

Iron, ppm 

Vise, CS/1O07r? 

Vis. SSU/100°F. 

Vis.) CS/210;8. 

Vis. }SSU/210)F. 
Total Sul Gur awit. ae 
Mercap. Sulfur, ppm 
Total Nitrogen, Wt. % 
UOP "K" Factor 
Pararflins ~iVol. 7% 
Naphthenes, Vol .% 
Aromatics, Vol. % 
Olefins, Vol. % 
Aniline Point, °F. 
Pour Point, °F. 
Freezing Point, °F. 
Thermo. Vis. @ 60°F, 
Ring Number 

Cetane Index 

Smoke Point, mm 
Diesel Index 

T. Acid No., mg KOH/g. 
R. I. @ 140°F. 


*Wt. % 


TABLE 6 


380-480 


fl. @-40 


too dark 
too dark 
too dark 
34.4 


PROPERTIES OF MIDDLE DISTILLATES 


480-520 


10.34 
3.32 

12.00 

30.3 
0.8745 


180 
465 
488 
495 
500 


520-600 


98.5 


eo e@ e e 
oo Fr 


lo 


i) 


Gs Saabs 

COFPrFPRUFOOH 
e 

ADUAHLANOOW 


° 
~! 


1.57 


too dark 


600-650 


22.94 
5.63 

25.75 

24.6 
0.9065 


555 
587 


594 
600 


too dark 





Cum. Mi 
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se VOL« 


VOL. % Of: Crude 


Cum, ‘Vol. 1 ,-0L..Gruce 


Gravity 


Specific Gravity @ 60°F. 
ASTM Dist., D-1160, °F. 


IBP 


APL 


Evap. 
Evap. 
Evap. 
Evap. 


7, EVape 


Vanadium, ppm 
Nickel, ppm 

Iron, ppm 

myis. GS/100 F. 

y) Vis. SSU/100°F. 
Vis, CS/210°F, 

Vis. SSU/210°F. 

Total Sulfur, Wtssr 
Mercap. Sulfur, ppm 
Total Nitrogen, Wt. % 
UOP "KY! FACTOR 
Paraftfins, Wtez 
Naphthenes, Wt.% 
Aromatics, Wt.% 
Aniline Point, °F. 
Pour Point, °F. 
Cetane Index, 

tT. Acid No, mg KOH/g. 
moe C2 L40Cr. 


«Vis. @ 140°F. 
*x*D-86 Dist. 


650-700 


29.10 
6.70 

32.45 

Leen 
0.9206 


600% 
633 
640 


0.858 


too dark 


TABLE 7 


700-750 


36.04 
Toe 

39.62 

20.5 
0.9309 


691 
715 
Zu 
723 
733 


too dark 


PROPERTIES OF THE HEAVY DISTILLATES 


750-800 


43.44 
7.64 
47.26 
19.5 
0.9371 


673 
760 
771 
774 


too: dark 


800-850 


52.35 
10.18 
57.44 
17.9 
0.9471 


696 
800 


850-870 


59.54 
4.19 

61.63 

16.6 
0.9554 


650 
845 
853 
859 
860 
865 
876 
98 
2 
0.03 
-0.36 
19.4 
80.98* 
ee as 
14.54 
76.1 
0.53 
740 
1.90 
11.48 
oe 
Zieo 
70.2 
116 
105 
WP 
0.059 
too dark 
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TABLE 8 


PROPERTIES OF THE RESIDUE 





870+ 
Vol. % of Crude 38.37 
Cum. Vol. % of Crude 100.00 
Gravity, CAPT ea, 
Specific Gravity ® 60°F. 0.9813 
Abs. Vis. @ 140°F., poises 14.7 
Kin, Vist®@ 1b0°r. gacs 1525 
Kin, Viel @ 210°RLP cs 114, 3 
Vis. @ 210°F., SSU 532 
Kin Viscun® 275 F epxeS 26.9 
Furol Vis. @ 275°F., SSF 12.8 
Total Sulfur, wte.VZ 0.52 
Total Nitrogen, Wt.% 2.49 
Vanadium, ppm 0.84 
Nickel, ppm. | o.o 
Iron, ppm 203 
Insolubles in Pentane, Wt.% 7.85 
Varatt ins, Nea } 
tO 
Naphthenes, Wt.% . 
Aromatics, Wt.% 89.0 


DIR #172 
5/19/76 HEA TABLE 9 


SULFUR BALANCE 


Cut, Total Sulfur, Wt. % _ 
ebyGoted - Wt.% of Crude in Cut in Grude 
16596, 1220 0.80 1.43 0.0114 
280 - 340 0.47 Leo 0,0071. 
340 - 380 1.12 1,04 0.0116 
380 - 480 o.91 0.70 0.0344 
480 - 520 3.09 0.82 0.0253 
520 - 600 7.65 0.67 0.0513 
600 - 650 5.43 0.66 0.0358 
650 - 700 6.56 0.66 0.0433 
700 - 750 7.10 0.63 0.0447 
750 - 800 7%62 0.59 0.0450 
800 - 850 10.26 0.53 0.0544 
850 - 8/70 4.26 0.53 0.0226 

870+ 40.40 0352 0.2101 
Total 99.07 0.5970 


in Whole Crude 0.62 
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5/19/76 HEA TABLE 10 
NITROGEN BALANCE ‘6 

Cut, Total Nitrogen, Wt. % 
Cut Wt.% of Crude in Cut in Crude 
165 - 220 0.80 0.18 0.0014 
280 - 340 0.47 shaadi 0.0052 
340 - 380 he be p2 1.45 0.0162 
380 - 480 4.91 rol 0.0643 
480 - 520 3.09 1.34 0.0414 
520 - 600 7.65 1 cof 0.1201 
600 - 650 5.43 Vei5 0.0950 
650 - 700 6.56 1.98 0.1299 
700 - 750 7.10 2.08 | 0.1477 
750 - 800 7.62 2.04 0.1554 
800 - 850 10.26 1.81 0.1857 
850 - 870 4.26 1.90 0.0809 
870+ 40.40 2.49 1.0060 
Total 99.67 20492 

in Whole Crude 2.05 
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OXYGEN BALANCE 


in Whole Crude 


Gut, Oxygen, Wte4 
Cut Wt.% of Crude in Cut in Crude 
165 - 220 0.80 0.36 0.0029 
280 - 340 0.47 0.55 0.0026 
340 - 380 ete: 0.86 0.0096 
380 - 480 4.91 1.36 0.0668 
480 - 520 3.09 Body 0.0362 
520 - 600 7.65 Le2e 0.0933 
600 - 650 5.43 1.14 0.0619 
650 - 700 6.56 EeLsG 0.0761 
700 - 750 e190 Tos 0.0802 
750 - 800 7.62 1.09 0.0831 
800 - 850 10.26 0.92 0.0944 
850 - 870 4.26 1.00 0.0426 
870+ 40.40 0.97 0.3919 
99.67 1.0416 
Total 1.28 
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5/19/76 HEA 
TABLE 12 
CARBON-HYDROGEN BALANCE | yy 

H/C 

Atomic 

JaeCut wy Wte% C Wte% H C/H_ Ratio 
165 - 220 85.97 11.07 Lii 1.55 
280: - 340 84.26 12.36 6.82 1.76 
340 - 380 83.85 12.52 6.70 1.79 
380 - 480 83.86 12.62 6.65 1.81 
480 - 520 83.81 12.42 6.75 1.78 
520 - 600 84,11 acy 6.80 1.77 
600 - 650 84.08 12.08 6.96 1.73 
650 - 700 84.47 11.86 sfeshhe 1.69 
700 - 750 84.21 11.62, gyi) 7.25 1.66 
750 - 800 83.76 11.52 Op ial 1.65 
800 - 850 85.01 11.70 7.27 1.65 
850 - 870 85.07 11.58 7.35 1.63 
870+ 85.39 10.95 7.80 ae 
Wtd. Av. 84.48 11.49 7.35 1.63 
In Whole Crude 84.88 11.57 7.34 1.64 
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5/19/76 HEA 
TABLE 13 
ELEMENTAL BALANCE 

a= Cates C H dita ZBrush Madey a tOe nL. 
165 - 220 85.97 11.07 1.43 0.36 0.18 99.01 
380 - 340 84.26 12.36 1.51 0.55 1.10 99.78 
340 - 380 83.85 L252 1.04 0.86 1.45 99.72 
380 - 480 83.86 12.62 0.70 1.36 1.31 99.85 
480 - 520 83.81 12.42 0.82 Eg17 1.34 99.56 
520 - 600 84.11 12.37 0.67 p22 Le57 99.94 
600 - 650 84.08 12.08 0.66 1.14 1.75 99.71 
650 - 700 84.47 11.86 0.66 1.16 108) car bOUgi seg 
700 - 750 84,21 11.62 0.63 1.13 2.08 99.67 
750 - 800 83.76 £1552 0.59 1.09 2.04 99.00 
800 - 850 85.01 11.70 0.53 0.92 1.81 99.97 
850 - 870 85.07 11.58 0.53 1.00 1.90 100.08 

870+ 85.39 10.95 0.52 0.97 2.49 100.32 
Wtd. Av. 84.48 11.49 0.60 1.04 2.05 99.66 


Ia Crude R4, 88 ese 0, os 1Ls25 See i he 100,40 
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NO. 319A, 


Cumulative Volume Per Cent of Crude Shale Oil 


~zaticRichtieldCompany 


Internal Correspondence 


Date: January 20, 1976 
To: Mrv RUSE otyring,. JT 
From: Degen GUL Gan 


Subject: Characterization of Product Gas from Paraho 
Direct-Heated Semi-Works Retort 


Near the end of the successful Paraho direct-heated semi-works 

Run SW-20, we obtained samples of the retort product gas, wet 

and dry ice condensates, and oil products. The sampling pro- 
cedure and analyses of the gas and condensate samples are 

attached. Analyses of the condensate samples and oil products 

are not complete at this time, but the condensates are sufficiently 
characterized to allow calculation of the retort product gas 
composition. Tables 1 and 2 show this product gas composition. 
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PARAHO RETORT GAS ANALYSIS 
(Run SW-20 - 11/25/75) 


SAMPLING PROCEDURE 


The following procedure was used to obtain wet and dry ice trap gas 
and liquid samples from the semi-works retort recycle gas line during 
Run SW-20, on November 25, 1975. 


Gas from the sample tap located on the blower discharge flowed through 
wet ice and dry ice traps connected in series. The traps consisted of 
coils of 5/8" O.D. aluminum tubing, 12 ft. and 10 ft. long, respectively, 
connected to 6000 c.c. stainless steel sampling containers. The two 
baths were filled with water-ice, and acetone-dry ice mixtures. 


Gas from the dry ice trap was metered in a wet test meter and vented. 


Two runs were attempted. Both runs were prematurely terminated be- 
cause of plugging in the dry ice trap. The dry ice trap gas volume 
in each case was about 70 SCF. Samples of these streams were obtained: 


Gas from dry ice trap, 

Gas and liquid in dry ice trap, 
Liquid from wet ice trap, and 
Control room gas samples. 


LABORATORY PROCEDURE 


Wet Ice Trap Naphtha 


The sample container was chilled to 32°F. The weights of 

water and hydrocarbons were measured by withdrawing the sample 
container contents into chilled receivers, separating the phases, 
and weighing. 


The GC-TBP curve, an approximate component analysis, and the — 
specific gravity of the sample obtained during Run 1 are attached. 


The sample from Run 2 was lost. 


uy Ice Trap Samples 


The sample container from Run 1 had leaked and this sample was 
discarded. 


Dry Ice Trap Samples (continued) 


The sample from Run 2 was pressurized with helium to increase 
the pressure from ~2 psig to about 200 psig to facilitate 
sample handling. Liquid was withdrawn from the field sampling 
‘container (at 24°C) into small sample containers and weighed. 
The weight balance on the field sample container is attached. 


The following analyses were performed: 


GC Gas Analyses: 


Vapor phase - container #2408 
Dry Ice Trap Gas - container #2410 


GC Liquid Analyses: 


Liquid phase - container #2408 
Simulated TBP 
Component Analysis 


Liquid Density (from container #2408) was measured. 


CALCULATION PROCEDURE 


Recombination of Dry Ice Trap Samples 


The composition and quantity of liquid in the sample container 
at -108°F and 12 psia was determined by an equilibrium flash cal- 
culation at these conditions, using the vapor and liquid contents 
determined at 24°C. The -108°F liquid was recombined with the 
dry gas to obtain the vapor composition from the wet ice trap. 


Two cases were calculated using: 


(1) The actual weight of liquid removed from the sample con- 
tainer (40.219 gm. liquid). 


(2) The liquid weight calculated from known vapor and liquid 
densities, container volume, and total sample weight. 
(50.401 gm. liquid) 


All of the components in the naphtha samples were not identified. 
Molecular weights are needed for the conversion of weight to. 

mole percent. The heavy fraction molecular weights were estimated 
from the API Data Book correlation (2B2.1). Molecular weights 

for the lower boiling point unidentified components were estimated 
from the component's boiling point (which, in turn, was estimated 
from the retention time in the gas chromatograph). Equilibrium 
constants for the flash calculation were obtained from the API 

Data Book. 


4 


Recombination of Wet Ice Trap Samples 


The same procedure was used to convert from weight to mole 
percent. The wet ice trap condensate was recombined with the 
two dry ice trap cases. 


Results 


Molal balances and gas compositions for the two cases calculated 
are shown in the attached tables. 


javuie 4 


AtlanticRichfieldCompany Well Calculation Sheet —Short a5 








Title or object itca teu tay ation 


La low legte cf Gas Sapa Ne 86409 






































Problem Fromto -Calculaled 
References: —C- BA SED on LIQUID WITHDRAWN - simmers! Yle[7e 
ctatie FROM - FrEtd ConTAIWER) -- ~ “| Concurrent ee 
=p Se 
sate) ae MP Loe lg. | oper Few! _... | er |i 
RL rom WetJce | Sarin té, 
Srp _| | Ai A 
Bits |\Af Z| seal saeco 
? Lae Sul. 4 BF, ol | 4,377) 
BNO’ _: , Fa. ye i 
1053 OF bk ey vA 
pale 23], ea 
y 1» LY : On) | 1,772: 
0, 20s jan ever? __| 9, 2337 2,92. ere | aera fae 
AE SAPs FAL EN L683, Fie uke raw s) Veal eer BEL |. 923 
Loon tT EN Sf §. wd slagneeud 3 ede FST NY? spe a etap i /Ti5| 
neh 392, ____| Loree. 9% bY ee gelleco ils BEB Rihe | - 4s | 
y FIO MOVIE 42 | NU W992 | a 
~ Cato Cé\_osal  laerer. 25129 16. pubelsyioeD Whtpsvitie 522) 
» Beto Z.16\ 129. aene nb yee ah ONO Sle t| Gee Wages iz 
S ulelao7|.079| lease |yo3s de aoaas|loseg | 8 





| 
__larq2y 4.02/21, Ou. ft #24, 










fp tere"2062. 017 int 
Ec zaell etl | ee aeeie a2 SO eas 
eS Te 
























Be Cea i Vetec.| 60331) 1. 008. Heeb Gaiety ETS ala: qe 
Bvtee Ob) |, C4 pie Giese = 4 A jaa ae eh egee go 
Baten lO Og, s0/.7\ 60 Leh. =e am eggs eh Vy, ond ae 
72 2 o791_,00\_looti| lon | _.085: 
.000/6 ayy. DY! 
FLO(G.O Ey | Wemsracias | (3) ic San Ward eS 

00S fi posh | 0 7 

Deer EOS Se ICT G7 a3 
1903 97109597 | 0), 24 

a Spee, 1C } ee et Q799/ 

Lrolecits ae LaF » 


ARI0-355-1 





AtlanticRichfieldCompany 


Title of object of calculations 


Problem \" 


Remarks: 
Column no. 1 2 


Name 


Symbol 





Source 








ieee or i Wie 


Nog \aeerel east) 1 Ulan? 


eas -2ia 021, We. 





(ieee ts CBuased - on _ Celevlalecl _ 
Equation: (A) la) Cain e--Ls ‘guid Sven > a} a ea teens — finished 


| Oe {0.98, 180 Sune 7) wget ae 






Putne-IA.lb 129 ih 7/277 comme Ee easy ae 


Table 2 om 
Well Calculation Sheet —Short > 


_. Cole vlatod _Gas_ fempee £ iN 86549 


e Sari Tt to. Calculated 
by: 
ele. started 


















— ry Tee re, Gas Comp rshti re -Zee|_' a Hage LL hye 
Gake.\Lige C2 een Wel tee i ea a |__com Fuser 
O nposet Tro jg mules aba —h. Ya. 
A-fn ls | orth ppl ' 
_ Loach Secu 4.39 
£10014 7. 
b,70¢4- LS: 
see 2,3. 
| 200 
LALA SS. (p23 0.41 
bere 
eee FOP a ea Se 
—leogeg  . laser Mas 


ae a ALD 42!  COOlF 
gait 0 aS 0b __4.00001|__ 





eee os 401% 




















S377 
eisai ie Seiwa eR 
| 


sr 1. 0008S hot ete L 
aan es inca peer tat 












Hitt g 20007 poiso7; __tlL 
Me C4* \ Jy 4 | ,ggoo#|_,003s/. 904i 
Ie.cx lear ks iy ‘|.000/ jt Gz09 So gta ie RAY) 
Peutevel OG pile 0. a37/. EDS Sets ee 27 
CS Aer Oy ___|-aaoz__"o009 04 

Pubs , COLA SK, 00: dal i. 021 [ac 
Lawn ces” _. wor7 .0of| | ovez1|__|aolo8. 001 

to Co |__| aAR?4 leo O23, 004 -av0S|___.}09. a eae 
Cee \Viree| ga F944 | 2/ss|_ 17/097 08 
atAE7. 1A __ 87207 ee (7202 at — ae ¢4ai — 700.08 


CSS tsi 


Here 
tare y rife reQnvity\ 


ARIG-353-1 


Caleut ue eel Pe fabs 


; say See ih 
lec ul wre LIA} hl DL bee 








WET ICE TRAP NAPHTHA 


Run No. 1 
Water Recovered 190.53 gm. 
Oil Recovered 29.73 gm. 


S.G. 60°/60°F 0.7991 (45.6° API) 


Dry Ice Trap Gas Volume 73.91 SCF (Dry) 


TEMPERATURE, (°F) 


SIMULATED TBP DISTILLATION BY GC 
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SIMULATED TBP DISTILLATION BY GC 
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Sample No. 605 B-727390-2408 


Weight Balance 


Total contents (liquid, vapor, helium) 
@ 212 psia, 23.5°C ; 


Helium added 
Qi2is- psig yp 2a. 5. Cc 


Hydrocarbon content 


Ceres thi Te Onn ee ee ee 


Liquid, vapor, and helium transferred 
to container 2M68 
@ 200 psia (calculated value), 24°C 


Vapor and helium transferred to 
container B-48 
@ 192 psia, 24°C 


Vapor and helium remaining in container No. 2408 


@ 192 psia, 24°C 


Total 


Loss 


Calculated Vapor Density @ 0°C, 760 mm Hg 
Vapor-+ Helium 0357-8 /aiter 
Vapor:.(exs |Helrumy) <i Olee7 ti rer, 


Measured Liquid Density: 
0.720679 /c6. 0-21 bipsiay2)s4,-C 
0.7259 g/cc 60°/60°F @ 215 psia 


Sample Container Volumes: 
No. 2408 6,0 7196) 
No. 2M68 $19.812-cc 
No. B-48 305.762-cc 


41.349 


1.546 


055992 


78.887 


0.128 


gm 


gm 


gm 


gm 








Sample No. 605 B-727390-2408 
(Continued) 


Gas flow from dry ice traps: 


Run 1 


88.40 cu. ft. @ 32°F and 11.8 psia (assumed) 
(73.91 SCF - dry basis @ 60°F, 14.7 psia) 


Run 2 


87.12 cu. ft. @ 32/35°F and 11.8 psia (assumed) 
(72.84 SCF - dry basis @ 60°F, 14.7 psia) 


GAS CHRUMATUGKAPHIC ANALYSIS 
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SAMPLE NUMBER o005b—/27390-24Ub 
GAS CHRUMATUGRAPHIC ANALYSIS 


VAS DENSITY AT 32 Fr, AND 14.090 PSIA, LB/CU-FI. 
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PARAHO DEMONSTRATION PROJECT 


EVALUATION STUDY TO DETERMINE PER CENT OF -1/2'' PRODUCT RESULTING 


FROM BLASTING AND CRUSHING OIL SHALE TO -3" +1/2" SIZE 


To prepare the product for this study, a 55' wide, 40' high, 
21-1/2' deep round was blasted at the Anvil Points mine using a 23 hole 
double V cut drill pattern. The holes drilled were 4-1/4" in diameter 
and were loaded with 1,900 pounds of ammonium nitrate explosives as the 
primary blasting agent. The round produced approximately 3,100 tons of 
oil shale with a powder factor of .61 pounds of explosives per ton of 
product. From the blasted round approximately 500 tons of representative 
product were separated and stored at the mine, the balance was trucked to 
the crushing plant for retorting. The approximate 500 tons at the mine 
were further separated and 98.83 tons were loaded and trucked to the 


housing area for screening and sizing. 


The sizing and weighing of the 98.83 tons of oil shale were done 
at the housing area with a fixed grizzly fabricated at the Paraho shops. 
A 12" opening between parallel grizzly rails was used to screen out the 
+12" product, a 6'' opening between parallel erizzly rails was used to 
screen out the -12"' +6" product and a 3"' opening between parallel grizzly 
rails was used to screen out the -6'"' +3" product and the final -3" product. 
In conjunction with screening of the mine blast -3"' product further hand 
sorting was required of product sizes larger than 3'' in one dimension 
passing through the parallel grizzly rails with the oversize material going 
in with the -6"' +3" product. Subsequent screening of all products was done 


over vibrating screens with 6", 3", 1-1/2" and 1/2" square openings. 


The +12" product from the commercial blast was loaded and 
shipped to the Harry T. Campbell & Sons crushing and screening plant e 
in Cockeysville, Maryland, where primary and secondary crushing tests 
and screening tests were conducted using commercial size equipment 
similar to that envisioned for future oil shale crushing and screening 
plants. The tertiary crushing test of the -6"' +3" product and the 
screen sizing of the -3'’ product was done at the Paraho crushing and 
screening plant. Due to the difficulty in screening the -6"' product 
to -3'' over the fixed grizzly the product was halved and 8.6 tons were 


screened off for this test. 


The primary and secondary crushing tests conducted at Harry T. 
Campbell's crushing and screening plant were made using a 36" x 60" 


McLanahan Rockmaster toothed single roll crusher. For the primary crushing 





tests the crusher opening was set at 6-1/2" and for the secondary crushing 
test the crusher opening was set at 3-1/2". This crusher was powered by a 
440 volt, 200 H.P., 585 rpm Continental motor with a roll speed of 27 rpm 
and a tip speed of 310 fpm. A recording ammeter was used on both tests 
and power consumption for primary crushing calculated out to .21 KW per 
ton at a feed rate of 628 tons per hour. Power consumption for secondary 
crushing calculated out to .63 KW per ton at a feed rate of 314 tons per 
hour. From visual observation the 36" x 60"' toothed single roll crusher 
handled the throughput of both the primary and secondary oil shale feed 
without any difficulty. The Paraho crushing and screening plant was used 


for both tertiary crushing and screening of the -3'' product. 


Ro-Tap tests, to determine per cent of -1/2'' +3 mesh, -3 mesh 
+6 mesh, -6 mesh +10 mesh, -10 mesh +28 mesh, -28 mesh +60 mesh, -60 mesh ra 


+200 mesh and -200 mesh fines, were conducted at the Paraho laboratory. 


These tests were made from samples weighing approximately 60 pounds each 
of the -1/2'' mine blast, primary crushed, secondary crushed, tertiary 


crushed and -3"' products. These results are reported in Table I. 


To obtain these samples the grab sampling technique was used and 
representative samples were taken of the -1/2'' mine blast, primary crushed, 
secondary crushed and -3" products at two foot intervals with a laboratory 
hand scoop. These samples were placed in five gallon sample pails with 


proper covers for transportation to the Paraho laboratory. 


Included is a table, graphs, flow sheet, views and inserts 
showing product sizing, mine blast drill pattern and crushing equipment 


drawings. 


Page 5, Table I shows the size consist of the mine blast product, 
primary crushed product, secondary crushed product, tertiary crushed 


product and the final -3" product. 


Pages 6, 7, 8, 9 and 10 show Graphs I, II, III, IV and V of 
resultant size distribution of the mine blast product, primary crushed 
product, secondary crushed product, tertiary crushed product and the 
final -3'' product. The dashed line in Graph I shows the size distribution 
of mine blast oil shale from a test conducted by the U. S. Bureau of Mines 
at Anvil Points as reported by Mr. Matzack on page 20 in the Synthetic 
Fuels Data Handbook prepared by Cameron Engineers. The dashed line in 
Graph V shows the screen analysis of Paraho retort product showing the 
cutoff for usable oil shale retort product at 8 mesh. By calculation 
from this Graph the per cent waste -1/2'' product for retorting is reduced 


from 5). 77ak0 ta. 


Page 11 shows the crushing and screening flow sheet and 
tommages passing through the primary, secondary and tertiary crushing a 


stages. 





SIZE SEPARATION OF MINE RUN PRODUCT, PRIMARY, 
SECONDARY, TERTIARY CRUSHED PRODUCT, AND FINAL 


=3™ PRODUCT 
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STAMLER FEEDER BREAKER CRUSHING TEST 


A Stamler feeder breaker S/N 10932, Model BB-14B-8 mechanical 
type machine was used to conduct a primary crushing test of +12" mined 
product at Paraho to determine the per ton power consumption and the 
amount of -1/2"' fines generated with this type of crusher. The conveyor 
and breaker were driven by two 100 H.P. motors with the relief in both 
using shear pins. The breaker roll was 34"' diameter, comprised of six 
discs with four picks per disc. The picks were spiraled to even the 
load on the shaft and the shaft was iddeted so the picks were approx- 
imately 4" above the flights. The test with this unit, which was 
originally designed for crushing trona ore, was not satisfactory as 
the feeder breaker was a mechanical drive rather than a hydraulic drive 
resulting in shear pin breakage. Also, three bit holders broke off 
during this test as the holders were underdesigned for the special 
breaker used in the test. The fines generated from the Stamler feeder 
breaker were 7.27% of the total primary product crushed compared to the 
McLanahan toothed roll crusher of 2.4% of primary product crushed. 


SIZE ANALYSIS OF PRODUCT 


Screen Size / Passing 2) el. Tons 
412" 10g 
6" 48.87 
oy 24.3% 
LfZu Awe 


It was not possible to determine the power factor on this test 
as the motor would stall as soon as any appreciable load was fed through 


the feeder breaker. 
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